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KOSMA
CSO
JCMT
SOFIA
ISO LWS
ODIN/SWAS
APEX/ASTE
AST/ROMt. Fuji
N+ C+
CO
C[I]
H2O
Band
HCN
1b1a 2a 3a2b 3b 4a 4b 5
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Frequency (GHz)
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6a 6b
1410 1660 1910
1−0 2−1
5−4 6−5 7−6 8−7 9−8 10−9 13−12 14−13 15−14 16−15
6−5 8−77−6 9−8 10−9 11−10 12−11 14−13 17−16 19−1818−17
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21−20
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⑩✬➇♠➂✬⑨➙➁☎➛❤➁☎⑩❞➔⑨
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➅✄➂✥➁
➏➟➞
➇✉➃✞⑨➑➅✄→✉➁✬⑨✣➂✬➣
❽
⑩
➀
➅✙➃
⑨✷➃
➋
➅
➏
⑨✡✠☞☛✍✌
❺✖å
⑨➑❶
❽
➁
❾
⑨
↕✉❾
➇♠➁✩⑨
❿✞➀❉❼
⑨
❽
➃✖⑩☛①
❸✏❺❆❸ ✮
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⑨✷➁✲➁☎➅✙➇✞➂❝❶❞⑨✷➁
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✣✥✬
✲❂✦
✬
✼☛✓☛✶✸✔✗✖✳r✁✙
✣
❖❡✓✕✫✵✶✳✶✸✦☛✔
✣
✎❯✖❍✦☛✫✵✖✷✓☛✶✸✔❁✲
✣
✶✛✫✱✎
✣
✮❄✦✧✶✳✖✷✓☛✼☛✶❊✦✧❖✁r✱✔
✣
✲✳❖
✣
✮✰✖✷✶✸✓✕✲✳✮✰✓☛❖✁✔✚✩✾✫
✣●✣
✎✈❖✁✫✱✔❁✲✳✲✳✦☛✎✱✮
✣
✖✷✓☛✖✳✦
✬✗✣
❺ ✂
❙
✦☛✮❄✮✟❉
✣
✲✴❉✦
✬
✦
✤
✔✚✙
✣
✎✱✲✳✔✗✓✕✎❈✲✷❖
✣
✮✰✖✷✶✸✦
✬✟✇
✓✕✫
✣
✜
✣
✼✕✦
✬✗✣
✙
✣
✎❯✖
✣
✎❘✎✵✓☛✖✷✶
✣
✂ ✦✥✑
✣
✫✱✶❱✮❄✦✧✶
✣✥✬❁✬✗✣
✮✰✓✕✎❯✖✳✔
✣
✎★✖❱✫✁✎
✣
✶
✣✥✤
✓✕✎
✤
✦☛✎✁✮
✣
✔✚✙❍❖❡✓☛✶★☞
✖✳✦☛✎★✖
✣
✩✾✫✱✦☛✎★✖❢❉✦
✬
✦❘✮❄✦✧✶❊✦☛✮✰✖★✜
✣
✶❊✔✚✲✳✦✧✖✳✔✗✓✕✎
✤
✫✪✹✱✶❊✫✱✔✗✖
✤
✓✕✎★✖❫✓✕✎
✤
✓✕✔✚✖
✤❚❙
✦
✲
✶❊✦☛✎✱✮✸r✱✔✚✶❃✲✳✫✵✶❃✮❊r✱✦☛✮❄✫✱✎
✣✿✤✵✣
✲❃✮❄✦✧✶✳✖
✣
✲
❖✁✦✧✶❃✮❄✦☛✎✁✦☛✫
❆
❺✼▼
✮
✣
✎✱✔✗✑
✣
✦☛✫❚❅✱✫✱✎●✖✷✶❊✦✥✑✧✦☛✔
✬
✓☛✶✸✔✗✼✕✔❁✎✱✦
✬❚✤❚❙
✦
✤
✦✧❖✱✖✳✦✧✖✳✔✚✓✕✎
✣
✖
✤✵✣
✲✳✔❁✙✿✫
✬
✦✧✖✳✔✗✓✕✎
✣
✲✷✖❫✶
✣
✩✾✫✱✔✚✲
❺
♥☛♥☛♥
♥☛♥✥❸
  ✁✄✂✆☎✞✝✠✟✁☛✡ ✁ ☞✍✌✏✎✒✑✓✝✔✁
✕ ✖ ✖ ✗✙✘✛✚✢✜✤✣✥✘✧✦✩★ ✪✜ ✫ ✬✍✭ ✚✮✜✯✭
✦✱✰ ✭✄✬✍✲✴✳✵✜✤✣✥✘✧✦✩★ ★ ✬✶✗✛✭ ✚✷✦✸★ ✚✢✲✏✬✹✣✏✭
✺✻✺✽✼

  ✁
✌ ☞✤✝ ✑ ✎✒✁ ✂
✄
☎
✣✝✆ ✫ ✬✍✭ ✫ ✬ ✚✷✦✸★ ✫ ✬✶★ ✭ ✜✤✣✥✘✧✦✩★ ✭ ✭☛✦✟✞ ✰ ✲✏✬✍✭
✫ ✜✯★ ✭ ✗✧✬ ✲✏✬✶✗✧✬✆✳ ✄✬ ✠☛✡ ☞ ✌ ✕ ✍
✎✑✏✓✒
✏✕✔
✒
✏✗✖
✘✚✙✜✛ ✢✤✣✦✥★✧✜✩✪✧✫✣✭✬✮✧✪✯✱✰✲✣✴✳✶✵✷✰✸✣✹✩✜✩✫✺✻✧✫✳✶✣
✼✓✽✿✾❁❀✕❂❄❃✫✽❆❅❈❇✽❊❉❋❇✽❁❃✪❀✕●❍❂❄✽❆●❏■❑❇✽❁▲✫▼◆❂❄✽✿❖◆❃P❇✽❊◗✫✽❊❉❘▲❙❇✽❁✽❯❚❱✾❁❚✚◗❁■❲❚❱❉◆◗✪✾❳❃✪❚❨▲❩❂◆❀✕❉◆◗❬●❱❀❯✾❳❭✗❪❫❖◆❃P❇✽❊❴◆✽❊❉◆◗✫❚❨❭✗❉✝✽❁▲❵●❛❀❜✾❁❀❞❝
❃✪❀✕✾❳▲❙❇✽❁❃✪❚❱◗✪❀❡▲✫❚❨❭✗❉❢❂◆✽❬❖✷❴◆❀✕◗❣✽❊◗❫▲❣❃❊❤✽❊◗✐❂❄✽❊❉◆◗✫✽❊◗❥❂◆▼❦❪❥❚❛●❱❚❨✽❊▼❧❚❱❉❘▲❣✽❁❃✜◗❣▲❣✽❊●❱●❱❀✕❚❨❃✪✽✿♠❏♥✤♦✫♣◆q✜r✹✼s✽t♥❵♦✫♣❯◗❣✽❵❃✪✽❊❉◆✾❳❭✗❉❘▲❣❃✪✽
❖✷❀❡❃✫▲❣❭✗▼◆▲❈❂◆❀✕❉✷◗✉❉❄❭✕▲❣❃✪✽✭▼◆❉◆❚❱✈✕✽❁❃✪◗s✽❁▲❈❃✫✽❁❖◆❃P❇✽❊◗❣✽❊❉✇▲❣✽①●❱❀②❪③❀⑤④⑥✽❊▼❄❃✪✽✹❖✷❀❡❃✫▲✫❚❱✽✭❂◆▼⑦✈✕❭✗●❱▼◆❪❫✽❋❂❄✽✭❅✗❀❡⑧❋✽❁▲⑨❂❄✽✹❖✲❭✗▼◆◗✫◗✪❚⑩❤✽❁❃✫✽
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❂◆❚❽❷❄❚❏❤✽❊❪❫✽⑦❂◆✽⑦●❱❀❥❪❥❀✕◗✪◗❣✽⑦▲❣❭✕▲✫❀✕●❨✽➂❂❄✽❊◗❩❇✽❁▲❣❭✗❚❱●❱✽❊◗②✽❊❉➃◗❣❭✗❉✤◗❣✽❊❚❛❉✶r✷➄❈❭✗▼❄❃✫▲✫❀✕❉✇▲❁❼❶✾✜❴◆❀✕✾❁▼◆❉❄✽➂❂❄✽⑦✾❳✽❊◗✱✾❳❭✗❪❫❖✲❭✗◗✫❀✕❉❘▲❣✽❊◗
✽❊◗❣▲✐❤❀✤●❏■➅❭✕❃✪❚❨❅✗❚❱❉◆✽➆❂◆✽❥●❏■❲❀✕▼❄▲❣❃✫✽❻➇s▲✫❀✕❉✷❂◆❚❱◗✚➀❙▼❄✽❥●❨✽❊◗➈❇✽❁▲❣❭✗❚❱●❱✽❊◗⑦❚❱❉❞④❣✽❊✾❳▲❣✽❊❉✇▲➉❂❄✽❥➊⑩❀✸➋✾❳❭✗❉❆❖✲✽❁❃✪❪❥❀✕❉❄✽❊❉✇▲❣✽❥❂◆▼➈❅✗❀❡⑧✑✽❁▲
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❖✲❭✗▼❄❃➎❂❄❭✗❉◆❉❄✽❁❃⑦❤❀➆◗❣❭✗❉✐▲❣❭✗▼❄❃①❉◆❀✕❚❱◗✫◗✪❀✕❉◆✾❳✽③❤❀➂❂◆✽✴④❣✽❊▼◆❉❄✽❊◗❥❇✽❁▲❣❭✗❚❱●❨✽❊◗❁r✷➐❋✽❊◗①❂◆✽❊▼P❷③❖◆❃✫❭P✾❳✽❊◗✫◗✫▼✷◗✭◗❣❭✗❉✇▲①❚❱❉✇▲✫❚❱❪❫✽❊❪❫✽❊❉✇▲
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✺
➙✭➛✐❼P❖✷▼◆❚❛◗✭❂✶■❲❀❡▲❣❭✗❪❥✽❊◗①❖✷●❱▼◆◗❋●❨❭✗▼❄❃✜❂◆◗✹✽❁▲✻❪❥❭✗❚❱❉◆◗➎❀❡➓✲❭✗❉P❝
❂◆❀✕❉✇▲✫◗❁❼➍❖✷❃✪❚❱❉◆✾❁❚❨❖❶❀✕●❨✽❊❪❫✽❊❉✇▲✸❂◆▼⑦✾❁❀❡❃✫➓✲❭✗❉❄✽✴✽❁▲✉❂◆✽✹●❏■➅❭❊❷P➔❙❅P❤✽❊❉◆✽✕r❞➞✱❉❄✽✴➊➟❃✪❀✕✾❳▲✫❚❨❭✗❉❍❚❱❪❫❖✲❭✕❃✫▲✫❀✕❉✇▲❣✽✴❂❄✽✹✾❳✽❊◗✉✽❊◗❣❖✶❤✽❊✾❳✽❊◗✉◗✫✽
❃✫✽❊❉◆✾❳❭✗❉✇▲❣❃✫✽②◗✫❭✗▼◆◗❻➊➟❭✕❃✪❪❫✽①❂❄✽①❅✕❃✪❀✕❚❱❉✷◗❁r✗➠✹❉➆❅❈❇✽❊❉❋❇✽❁❃✪❀✕●❏❼✇❭✗❉❥✾❳❭✗❉◆◗✫❚❛❂✲❤✽❁❃✫✽✻➀✇▼◆✽✻●❱❀❹❪❥❀✕◗✫◗❣✽✻▲❣❭✕▲✫❀✕●❱✽②❂❄✽❊◗⑨❖✲❭✗▼◆◗✫◗✫❚❏❤✽❁❃✪✽❊◗
✽❊◗❣▲✻❂◆❀✕❉✷◗❋▼✷❉✑❃✜❀❡❖◆❖✲❭✕❃✫▲
✺➍➡ ✺
➙✕➙➃❤❀❫✾❳✽❊●❛●❨✽✱❂◆✽❹●➣■❲❴❘➔P❂❄❃✫❭✕❅❄❤✽❊❉❄✽✕r✷➐❋✽❊●❱●❱✽❊◗⑥❝❾✾❁❚✸❭✗❉❘▲✻❂❄✽❊◗❋▲✫❀✕❚❱●❛●❨✽❊◗❋❖✸❭✗▼◆✈❞❀✕❉✇▲❋❀✕●❛●❨✽❁❃①❂❄✽
●❱❀❹❂◆❚❱❪❥✽❊❉◆◗✫❚❨❭✗❉❍❪❫❭✗●✜❇✽❊✾❁▼◆●❱❀✕❚❨❃✪✽✚♠⑩❴✇➔P❂❄❃✫❭P✾❁❀❡❃✫➓✷▼❄❃✫✽❊◗⑨❀❡❃✫❭✗❪③❀❡▲✫❚❱➀✇▼◆✽❊◗✉❖✲❭✗●❨➔P✾❳➔P✾❁●❱❚❱➀❙▼❄✽❊◗❁❼⑤➄✲➢✱➤➥◗❊❼✗✼✱❇✽❁❅✕✽❁❃❋➦➧➄✹▼◆❅✕✽❁▲
✺
↔✕➨❞➩❄❼✇➢✱●❱●❱❀✕❪③❀✕❉◆❂❄❭✗●❱❀➆➫❁➭✉➯✕➲❽➳
✺
↔✕➨✕➵✗q✷④✫▼◆◗✫➀❙▼✶■➁❤❀❹➀✇▼❄✽❊●❛➀✇▼❄✽❊◗⑨❂◆❚❨❷P❚❏❤✽❊❪❫✽❊◗⑨❂❄✽①❪❥❚❛✾❳❃✫❭✗❉◆◗❁r✕➠✹●❛●❨✽❊◗✉◗✫❭✗❉❘▲✴✾❳❭✗❪❫❖✲❭✗◗❙❇✽❁✽❊◗
✽❊❉❆❪❥❀⑤④❣❭✕❃✪❚❨▲❙❇✽❥❂❄✽➆❅✕❃✪❀✕❚❛❉◆◗❹❀✕❪❫❭✕❃✫❖✷❴❄✽❊◗✚❂◆✽➆✾❁❀❡❃✪➓✸❭✗❉◆✽✕❼✶❅✕❃✪❀❡❖✷❴◆❚❨▲❣✽✕❼✶◗✫❚❛●❱❚❱✾❁❀❡▲❣✽❊◗❁❼✲❀✕❚❱❉◆◗✫❚⑨➀❙▼❄✽❫❂❄✽➆❅✗●❱❀✕✾❳✽❊◗✚▲❣✽❊●❱●❱✽❊◗
➀❙▼❄✽✐●➣■➅✽❊❀✕▼✶r❻❸➥✽❊◗➆❚❱❉✇▲❣✽❁❃✪❀✕✾❳▲✫❚❨❭✗❉✷◗➂❚❛❪❫❖✲❭✕❃✫▲✫❀✕❉❘▲❣✽❊◗➂✽❳❷❄❚❱◗❣▲❣✽❊❉✇▲❍✽❊❉✇▲❣❃✫✽❬●❨✽✐❅✗❀❡⑧❩✽❁▲➆●❛❀✤❖✲❭✗▼◆◗✫◗✪❚⑩❤✽❁❃✫✽✕r❻➸✚❉➺❉❄❭✕▲❣✽❁❃✜❀
✽❊❉➈❖✷❀❡❃✫▲✫❚❛✾❁▼◆●❱❚❨✽❁❃❹●❨✽❊◗❹❖✷❴❋❇✽❊❉❄❭✗❪❬❤✽❊❉◆✽❊◗➉❂❄✽❫✾❳❭✗●❱●❱❀❡❅✕✽❥❂❄✽❫❪❫❭✗●➑❇✽❊✾❁▼✷●❨✽❊◗✚◗✫▼❄❃✚●❨✽❊◗❹❅✕❃✪❀✕❚❛❉◆◗❥❤❀❬❴◆❀✕▼❄▲❣✽❊◗✚❂❄✽❊❉◆◗✪❚❨▲✇❇✽❊◗❹✽❁▲
➊⑩❀✕❚❨➓✷●❨✽❊◗➎▲❣✽❊❪❫❖➎❇✽❁❃✜❀❡▲✫▼❄❃✫✽❊◗⑦♠➟✈✕❭✗❚❨❃➥❀✕▼◆◗✫◗✫❚
✼
r➅➩❄r
✼
q✜❼✸❪❥❀✕❚❱◗①❀✕▼◆◗✫◗✪❚✸●❛❀❍➊➟❭✕❃✪❪❥❀❡▲✫❚❱❭✗❉❵❂❄✽❊◗①❪❫❭✗●➑❇✽❊✾❁▼◆●❱✽❊◗✻❂❄✽✚➤➥➻❹◗✫▼◆❃✻●❱❀
◗✫▼❄❃✪➊➟❀✕✾❳✽⑦❂◆✽❊◗①❅✕❃✪❀✕❚❱❉◆◗⑦❤❀❥❖✷❀❡❃✫▲✫❚❨❃✻❂✶■❲❀❡▲❣❭✗❪❥✽❊◗②❂✶■❲❴✇➔❙❂◆❃✫❭✕❅P❤✽❊❉❄✽✕r
➐➎✽❁▲❣▲❣✽✭❃P❇✽❊❀✕✾❳▲✫❚❨❭✗❉➥④❣❭✗▼❄✽❋▼◆❉➉❃❞➏❭✗●❱✽✭❚❱❪❫❖✲❭✕❃✫▲✫❀✕❉✇▲✉❂✷❀✕❉◆◗✓●❨✽❊◗✉❖◆❃✫❭P✾❳✽❊◗✫◗✫▼✷◗✓❂❄✽❋✾✪❴◆❀✕▼P➌✶❀❡❅✕✽①❂◆▼❍♥✤♦✫♣✸❼⑤✽❊◗✪◗❣✽❊❉❘▲✫❚❱✽❊●❽❝
●❨✽❊❪❫✽❊❉✇▲✻◗❣❭✗▼◆◗➎➊➟❭✕❃✪❪❫✽✚❂✶■➒❇✽❊❉❄✽❁❃✪❅✗❚❨✽➉❂✶■➅✽❳❷❄✾❁❚❨▲✫❀❡▲✫❚❨❭✗❉✶r◆➢➼✾❳✽✚❖◆❃✫❭P✾❳✽❊◗✫◗✫▼◆◗➎◗❁■❲❀⑤④❣❭✗▼❄▲❣✽❊❉✇▲②✾❳✽❊▼P❷❬●❱❚➑❇✽❊◗①❀✕▼❬✾✪❴✷❀✕▼P➌✲❀❡❅✕✽
❖✷❀❡❃➥❃✪❀❊➔✕❭✗❉◆◗✱✾❳❭✗◗✫❪❥❚❛➀✇▼❄✽❊◗❊❼❄❖✷❀❡❃②✽❳➌✲✽❁▲②❖✷❴◆❭✕▲❣❭❡❝❞❇✽❊●❱✽❊✾❳▲❣❃✪❚❱➀❙▼❄✽❍◗✫▼◆❃②●❨✽❊◗✻❅✕❃✜❀✕❚❱❉◆◗❁❼◆❀✕❚❱❉✷◗✫❚s➀❙▼❄✽➉✾❳✽❊▼P❷✤❀✕◗✫◗❣❭P✾❁❚➑❇✽❊◗✱❀✕▼
❃✪❀➍➔✕❭✗❉◆❉❄✽❊❪❫✽❊❉✇▲❋❚❛❉❄➊➁❃✜❀❡❃✫❭✗▼❄❅✕✽①●❨❭✗❚❱❉✇▲✫❀✕❚❱❉❥❀✕❪❍➓✷❚❱❀✕❉✇▲❁❼✗❖✲❭✗▼❄✈❡❀✕❉❘▲✴❖➎❇✽❊❉❋❇✽❁▲❣❃✪✽❁❃✭➊⑩❀✕✾❁❚❱●❨✽❊❪❫✽❊❉✇▲✲④✫▼◆◗✫➀❙▼✶■➁❤❀✚❂❄✽❊◗✹❖◆❃✫❭✕➊➟❭✗❉P❝
❂❄✽❊▼❄❃✜◗✹✾❳❭✗❉◆◗✫❚❛❂✭❇✽❁❃✪❀❡➓✷●❨✽❊◗❋❀✕▼✑◗✫✽❊❚❱❉③❂❄✽❊◗❋❉❙▼◆❀❡❅✕✽❊◗➎❪❫❭✗●✜❇✽❊✾❁▼◆●❱❀✕❚❨❃✪✽❊◗❁r✇✼✓✽❊◗✹❖◆❃✪❭❙✾❳✽❊◗✫◗✪▼◆◗✹❂❄✽➥❃✫✽❁➊➟❃✫❭✗❚❱❂◆❚❱◗✪◗❣✽❊❪❫✽❊❉✇▲✹◗❣❭✗❉✇▲
✺✻✺
➵
♦❣♣✷➸✁ ❹➢✱✼
✽❊▼P❷➃❖✷❃✫✽❊◗✫➀❙▼❄✽⑦▲❣❭✕▲✫❀✕●❨✽❊❪❥✽❊❉❘▲✚❃P❇✽❁❅✗❚❱◗❹❖❶❀❡❃✱●❨✽➂❃✪❀➍➔✕❭✗❉◆❉❄✽❊❪❫✽❊❉✇▲✚❂✶■❲❀❡▲❣❭✗❪❫✽❊◗❁❼s❚❨❭✗❉✷◗②✽❁▲✚❪❫❭✗●➑❇✽❊✾❁▼◆●❱✽❊◗➥✽❳❷❄✾❁❚❨▲❙❇✽❊◗✚❖✷❀❡❃
✾❳❭✗●❱●❱❚❱◗✪❚❨❭✗❉❩✽❁▲✻▲❣❃✪❀✕❉◆◗✫➊❊❇✽❁❃✪❀✕❉✇▲➥▼◆❉◆✽✱❖❶❀❡❃✫▲✫❚❨✽⑦❂❄✽➉●➣■❑❇✽❊❉◆✽❁❃✫❅✗❚❨✽⑦✾❁❚❱❉❋❇✽❁▲✫❚❛➀✇▼❄✽➉❂✷▼❵❪❥❚❱●❱❚❱✽❊▼✐◗✫❭✗▼◆◗①➊➟❭✕❃✪❪❫✽➉❂❄✽➉❃✜❀❊➔✕❭✗❉◆❉❄✽❳❝
❪❫✽❊❉✇▲❁r✸❸❹❀✕❉◆◗✱●❨✽❍❪③❚❱●❱❚❨✽❊▼❬❂◆❚❨➌✲▼◆◗❊❼✷✾❳✽❊●❱▼◆❚❽❝❾✾❁❚s✽❊◗❣▲✱❂◆❭✗❪❥❚❱❉❋❇✽⑦❖❶❀❡❃➥●❨✽❊◗➥❃✪❀✕❚❨✽❊◗➥❂❄✽❍◗❣▲❣❃✜▼◆✾❳▲✫▼❄❃✫✽✁✂❶❉❄✽❍❂❄✽❊◗✱❀❡▲❣❭✗❪❫✽❊◗
✽❁▲✻❚❨❭✗❉◆◗①●❨✽❊◗❋❖✷●❛▼◆◗➎❀❡➓✸❭✗❉✷❂◆❀✕❉❘▲✫◗✚♠➣➐☎✄✆✄✉✽❁▲➥➸✝✄➟q✜❼❄✽❁▲①❂❄❭✗❉✇▲✻●❨✽❊◗①❉◆❚❱✈✕✽❊❀✕▼P❷✑✾❳❭✗❉◆✾❳✽❁❃✪❉❋❇✽❊◗➥◗❣❭✗❉✇▲①❖◆❃✫❭P✾✪❴❄✽❊◗①❂❄✽✚✾❳✽❊●❱▼✷❚
❂◆▼✿➊➟❭✗❉◆❂◆❀✕❪❫✽❊❉✇▲✫❀✕●❏rs❸❹❀✕❉◆◗➉●❱✽❊◗➉❉✇▼✷❀❡❅✕✽❊◗➉❪❫❭✗●➑❇✽❊✾❁▼◆●❱❀✕❚❱❃✫✽❊◗❁❼s●❨✽❫❃✫✽❁➊➟❃✫❭✗❚❱❂✷❚❱◗✫◗❣✽❊❪❫✽❊❉✇▲❹❪❫✽❁▲➉✽❊◗✫◗❣✽❊❉✇▲✫❚❨✽❊●❱●❱✽❊❪❫✽❊❉❘▲✚✽❊❉
④⑥✽❊▼➃❂❄✽❊◗①✽❊◗❣❖s❤✽❊✾❳✽❊◗✱▲❣✽❊●❱●❱✽❊◗✻➀✇▼◆✽➂➐✻➸➼✽❁▲✱➐✞✄➣r✷➢ ✾❳✽❍❉✷❚❨✈✕✽❊❀✕▼✶❼◆●❱❀❥➀❙▼❄✽❊◗❣▲✫❚❱❭✗❉❵❂◆▼❩❃✫✽❁➊➟❃✫❭✗❚❱❂◆❚❛◗✫◗❣✽❊❪❫✽❊❉✇▲①❖✷❀❡❃②●❏■➅✽❊❀✕▼
✽❁▲②●❏■➅❭➍❷❙➔❙❅P❤✽❊❉❄✽⑦❪❫❭✗●➑❇✽❊✾❁▼◆●❛❀✕❚❨❃✫✽❹❃✫✽❊◗❣▲❣✽✚❃✫✽❊●❛❀❡▲✫❚❨✈✕✽❊❪❫✽❊❉✇▲①❭✗▼❄✈✕✽❁❃✫▲❣✽✕r✸➐❋❭✗❉✷◗✫❚❱❂❋❇✽❁❃P❇✽❊◗①❖✷❀❡❃✻❂◆✽❹❉◆❭✗❪⑦➓◆❃✪✽❊▼◆◗❣✽❊◗③❇✽❁▲✫▼◆❂❄✽❊◗
✾❳❭✗❪❥❪❫✽❵❖❶❀❡❃✪❪❥❚➎●❨✽❊◗❫❀❡❅✕✽❊❉✇▲✫◗❥❖◆❃✪❚❛❉◆✾❁❚❨❖✷❀✕▼P❷❿❂✷▼➺❃✪✽❁➊➁❃✫❭✗❚❛❂◆❚❱◗✫◗❣✽❊❪❥✽❊❉❘▲➂✽❊❉❜❖✷❴◆❀✕◗✫✽❩❂◆✽❊❉◆◗❣✽✕❼✴❚❱●❱◗➆◗❁■❲❀➍✈❶❤✽❁❃✫✽❊❉✇▲③✽❊❉
❃❙❇✽❊❀✕●❱❚❨▲❙❇✽❬▲❣❃❊❤✽❊◗➆❖✲✽❊▼❿❀❡➓✲❭✗❉◆❂◆❀✕❉✇▲✫◗➆❂◆❀✕❉◆◗➂●❨✽❊◗➂❉✇▼◆❀❡❅✕✽❊◗➆❪❫❭✗●➑❇✽❊✾❁▼✷●❱❀✕❚❨❃✫✽❊◗❁❼⑨✾❳❭✗❪❥❪❫✽❩●❏■❲❚❱❉✷❂◆❚❱➀❙▼❄✽❊❉❘▲➉●❱✽❊◗⑦❃P❇✽❊✾❳✽❊❉✇▲❣✽❊◗
❭✕➓✷◗❣✽❁❃✫✈❡❀❡▲✫❚❨❭✗❉◆◗➎❃✜❀❡❖◆❖✲❭✕❃✫▲✇❇✽❁✽❊◗➎❖✷❀❡❃②♣✠✟t➢✚♣t♠✡ ✱❭✗●❱❂◆◗✪❪❥❚❨▲✫❴✿➫❁➭✹➯❡➲❨➳☞☛❡➙✕➙✕➙❘q✜r✷❸❹❀✕❉◆◗①✾❳✽✚◗❣✽❊❉◆◗❁❼P➤②✽❁❃✜◗✫✾✪❴❄✽❊●✶❀➂➓✷❚❱✽❊❉
◗✗➏▼❄❃②▼✷❉❩❃❞➏❭✗●❨✽✚▲❣❭✗▼❄▲✻❖❶❀❡❃✫▲✫❚❱✾❁▼◆●❱❚❏❤✽❁❃✪✽❊❪❫✽❊❉❘▲✻❚❛❪❫❖✲❭✕❃✫▲✫❀✕❉❘▲⑦❤❀✱④❣❭✗▼❄✽❁❃❍♠⑩✾❳➊
✺
r➅➩❄r
✺
q✜r
➸❹❉❩❂◆❚❛◗❣▲✫❚❱❉❄❅✗▼❄✽➥❖✷●❱▼◆◗✪❚❨✽❊▼❄❃✪◗❻❖❶❴◆❀✕◗❣✽❊◗➎❂◆❀✕❉◆◗①●❨✽❹❪❥❚❱●❛❚❨✽❊▼③❚❱❉✇▲❣✽❁❃✪◗❣▲❣✽❊●❛●❱❀✕❚❨❃✫✽✕r◆➐❋✽❊●❱●❨✽❊◗❣❝❾✾❁❚❶◗❣❭✗❉✇▲①❅✉❇✽❊❉✭❇✽❁❃✪❀✕●❨✽❊❪❫✽❊❉✇▲
✾❁●❱❀✕◗✫◗❙❇✽❁✽❊◗❍◗❣✽❊●❨❭✗❉➈●❨✽❊▼❄❃❹❂❄✽❊❉◆◗✫❚❱▲✇❇✽➆✽❊❉✿❴✇➔❙❂◆❃✫❭✕❅P❤✽❊❉❄✽❫❀❡▲❣❭✗❪❥❚❱➀❙▼❄✽➆❭✗▼✿❪❫❭✗●✜❇✽❊✾❁▼◆●❱❀✕❚❨❃✪✽✕❼✸●❨✽❊▼◆❃✱▲❣✽❊❪❥❖❋❇✽❁❃✪❀❡▲✫▼❄❃✫✽✕❼s●❨✽❊▼◆❃
❂❄➔P❉◆❀✕❪❥❚❱➀❙▼❄✽✕❼❈✽❁▲➆●❱✽❊▼❄❃❫❂❄✽❁❅✕❃❙❇✽❵❂✶■❲❚❨❭✗❉◆❚❛◗✫❀❡▲✫❚❨❭✗❉✶r❈✼✓❀t❖✷❴◆❀✕◗❣✽❬●❱❀➃❖✷●❱▼✷◗❍✾✜❴◆❀✕▼◆❂❄✽❬✾❳❭✕❃✫❃✫✽❊◗✫❖✸❭✗❉✷❂☛❤❀✿▼◆❉❧❪❥❚❱●❛❚❨✽❊▼
❚❱❉✇▲❣✽❁❃❣❝❾❉✇▼✷❀❡❅✕✽➥❂❄❭✗❉✇▲✴●❨✽✻✾✪❴✷❀✕▼P➌✲❀❡❅✕✽➥✽❊◗❣▲✴➊➟❭✕❃✫▲❣✽❊❪❫✽❊❉✇▲✭❂❄❭✗❪③❚❱❉✭❇✽①❖✷❀❡❃✹●❨✽❊◗✹✾✪❴❄❭P✾❁◗✹❂◆▼✷◗❻❀✕▼P❷➆◗✪▼❄❖✲✽❁❃✪❉❄❭➍✈❡❀❡✽✕❼✗❀✕❚❱❉◆◗✪❚
➀✇▼◆✽⑦❖✷❀❡❃②●❛❀❥✾❳❭✗❉❘▲❣❃✜❀✕✾❳▲✫❚❨❭✗❉t❅✕❃✪❀❊✈P❚❨▲✫❀❡▲✫❚❨❭✗❉◆❉◆✽❊●❱●❨✽➉❂❄✽⑦●❛❀❥❪❥❀❡▲✫❚❏❤✽❁❃✫✽❵❤❀❥▲❣❃❊❤✽❊◗➥❅✕❃✪❀✕❉◆❂❄✽✿❇✽❊✾✪❴❄✽❊●❱●❱✽✕r✲➐❋✽⑦❪③❚❱●❱❚❨✽❊▼❩▲❣❃❊❤✽❊◗
❖✲✽❊▼⑦❂❄✽❊❉◆◗✫✽➥♠✍✌✏✎✒✑❦➀✇▼❄✽❊●❛➀✇▼❄✽❊◗
✺
➙✠✓✕✔✶✾❁❪✖✓✕✔❊q✲✽❊◗❣▲✉✽❊❉❘▲✫❚❏❤✽❁❃✪✽❊❪❫✽❊❉❘▲❻❚❨❭✗❉✷❚❱◗✇❇✽➥♠➟❭✗❉⑦●❱✽✹❂✭❇✽❊❉❄❭✗❪❥❪❫✽➎◗❣❭✗▼❄✈✕✽❊❉✇▲✘✗✚✙✜✛
❖✲❭✗▼❄❃☎✢✤✣✕➭✦✥✧✣✩★✫✪✭✬➍➫✯✮✱✰➺➫✲✮✩✪✍✳✵✴⑦q⑨✽❁▲⑦❤❀⑦❂❄✽❊◗✭▲❣✽❊❪❫❖➎❇✽❁❃✪❀❡▲✫▼◆❃✫✽❊◗①❂❄✽➥●➣■➅❭✕❃✪❂❄❃✫✽✱❂❄✽
✺
➙✷✶✹✸❫rP➢✝❂❄✽❊◗❋❂❄✽❊❉◆◗✫❚❱▲✇❇✽❊◗
✺
➙✕➙✹✺
❖✷●❱▼◆◗❹❇✽❊●❨✽❁✈✴❇✽❁✽❊◗❻✽❁▲⑨❂❄✽❊◗✉▲❣✽❊❪❫❖➎❇✽❁❃✪❀❡▲✫▼❄❃✪✽❊◗✼✻✽✑✝➨❡➙✕➙✕➙✾✸➧◗❣❭✗❉✇▲❈❀✕◗✪◗❣❭❙✾❁❚➑❇✽❊◗❻❂◆✽❊▼P❷➉❪❥❚❱●❱❚❨✽❊▼❄❷❹❂◆❚❨➌✲▼◆◗✉❉❄❭✕▲✇❇✽❊◗❀✿❂❁✒✛
♠✩❃✤➯✩❄❅✴❂❆➂➫✧✳❄➭✆❄⑥➯✕➲✏✰➺➫✲✮✩✪✍✳✵✴⑦q①✽❁▲✝✿❇✙✜✛ ♠✩❃✤➯✩❄❅✴❂✥✧✣✩★✕✪❈✬⑤➫✲✮❉✰➺➫✲✮✩✪✍✳✵✴⑦q✜r✸♦⑥●❱◗✱◗❣❭✗❉✇▲✱✽❊◗✪◗❣✽❊❉❘▲✫❚❱✽❊●❱●❨✽❊❪❫✽❊❉✇▲➥❭✕➓◆❝
◗❣✽❁❃✫✈✴❇✽❊◗❍❀✕▼P❷❆❴◆❀✕▼◆▲❣✽❊◗⑦●❱❀❡▲✫❚❨▲✫▼✷❂❄✽❊◗❹❅✗❀✕●❱❀✕✾❳▲✫❚❱➀❙▼❄✽❊◗❁r❈➠✹❉❊✂✷❉s❼✲●❛❀❬❖✷❴◆❀✕◗❣✽❥●❛❀❩❖✷●❱▼◆◗❹➊➟❃✫❭✗❚❱❂❄✽✤♠❋✻❍●
✺
➙✕➙■✸❍q✱✽❁▲⑦●❛❀
❖✷●❱▼◆◗➥❂❄✽❊❉◆◗❣✽❩♠✍✌✏✎❑❏
✼
➙✴✾❁❪✖✓✕✔➍q✻✽❊◗❣▲❹❀❡❖◆❖✲✽❊●✜❇✽❁✽▼▲✱❁✚✛ ❼✷❖✲❭✗▼❄❃✖◆❖✣❡➲P✮◗❆❍➫❘✳❄➭✆❄⑥➯❡➲✦✰➺➫✲✮✩✪✍✳✵✴➂rs➸❹❉➃✾❳❭✗❉◆◗✫❚❱❂✶❤✽❁❃✫✽
✾❁●❱❀✕◗✫◗✫❚❛➀✇▼❄✽❊❪❥✽❊❉❘▲➉✾❳✽❊◗❍❂◆❚❽➌②❇✽❁❃✪✽❊❉❘▲❣✽❊◗✚❖❶❴◆❀✕◗❣✽❊◗➉✾❳❭✗❪❥❪❥✽❧❇✽❁▲✫❀✕❉❘▲❍❖◆❃✫❭P✾✪❴❄✽❊◗➉❂◆✽❥●❏■❑❇✽❊➀✇▼◆❚❛●❱❚❨➓◆❃✫✽❍▲✫❴❄✽❁❃✪❪❥❚❛➀✇▼❄✽➆✽❁▲➉✽❊❉
➀✇▼✷❀✕◗✫❚❽❝❞❇✽❊➀✇▼✷❚❱●❱❚❨➓◆❃✪✽✱❂❄✽⑦❖◆❃✫✽❊◗✫◗✫❚❱❭✗❉✶r
♦⑥●✲✽❳❷P❚❛◗❣▲❣✽➉✾❳✽❁❖✲✽❊❉◆❂◆❀✕❉✇▲✻❂❄✽❊◗✻✾❳❭✗❪❫❖✲❭✗◗✫❀✕❉✇▲❣✽❊◗✻❖✷●❛▼◆◗❋❖✸✽❁▲✫❚❱▲❣✽❊◗①❂◆▼✒▲✤❁✚✛ ❖✲❭✗▼❄❃✻●❨✽❊◗✪➀✇▼❄✽❊●❛●❨✽❊◗➎●❱❀➂❖◆❃✫✽❊◗✫◗✫❚❱❭✗❉
▲✫❴❄✽❁❃✪❪❥❚❛➀✇▼❄✽➂✽❊◗❣▲❹➓✷❚❨✽❊❉t◗✫▼❄❖➎❇✽❁❃✜❚❨✽❊▼❄❃✫✽❬❤❀✐●❛❀✑✾❳✽❊●❱●❱✽➆❂✷▼➃❪❥❚❛●❱❚❨✽❊▼✤❚❛❉❘▲❣✽❁❃✪◗✫▲❣✽❊●❱●❱❀✕❚❨❃✫✽➂❪❫❭➍➔✕✽❊❉srs➐➎✽❊◗❹❃❙❇✽❁❅✗❚❨❭✗❉◆◗❁❼✶❀✕◗✫◗✫❚❨❝
❪❥❚❱●➑❇✽❁✽❊◗➥❤❀⑦❂❄✽❊◗❻✾❘❙➉▼❄❃✪◗❻❂◆✽❊❉◆◗❣✽❊◗✴❀✕▼❥◗✫✽❊❚❱❉❫❂❄✽✻❉❙▼◆❀❡❅✕✽❊◗✴❪❫❭✗●➑❇✽❊✾❁▼◆●❱✽❊◗❻❅✉❇✽❊❀✕❉❘▲✫◗❁❼❙❖◆❃P❇✽❊◗❣✽❊❉✇▲❣✽❊❉✇▲✭❂❄✽❊◗❻▲❣✽❊❪❥❖❋❇✽❁❃✪❀❡▲✫▼❄❃✫✽❊◗
▲❣❃❁❤✽❊◗➆➊➟❀✕❚❱➓✷●❨✽❊◗③♠❣♠❋✻❚●
✼
➙❯✸➂q❣q✚✽❁▲➂❂❄✽❊◗❍❂◆✽❊❉◆◗✫❚❨▲❙❇✽❊◗❍❖✸❭✗▼◆✈❞❀✕❉✇▲❍◗❁■➒❇✽❊●❨✽❁✈✕✽❁❃✱④✫▼◆◗✫➀❙▼✶■➁❤❀
✺
➙❲❱s✾❁❪ ✓✕✔ r⑨➐❋✽❊◗❍❃❙❇✽❁❅✗❚❨❭✗❉◆◗
◗❣❭✗❉✇▲✭▲❣❃❊❤✽❊◗①◗❣❭✗▼◆✈✕✽❊❉❘▲❋❭✕❖✷❀✕➀❙▼❄✽❊◗➎❀✕▼P❷❥❃✪❀❊➔✕❭✗❉✷❉❄✽❊❪❫✽❊❉✇▲✫◗①❂◆❀✕❉◆◗✹●❱✽②✈P❚❱◗✫❚❨➓✷●❱✽①✽❁▲❋●❏■❲➞➥❺✝✽❁▲➎●❨✽②✈P❚❱◗✫❚❨➓❶●❨✽✕❼✕✽❁▲❋◗✫✽➥❃✫✽❊❉❄❝
✾❳❭✗❉❘▲❣❃✪✽❊❉❘▲✻✽❊◗✪◗❣✽❊❉❘▲✫❚❱✽❊●❱●❨✽❊❪❫✽❊❉✇▲✻◗❣❭✗▼◆◗➎➊➟❭✕❃✪❪❫✽✚❪❫❭✗●➑❇✽❊✾❁▼◆●❛❀✕❚❨❃✫✽✕r❶➐✱■➅✽❊◗❣▲✻❂✷❀✕❉◆◗①✾❳✽❁▲❣▲❣✽⑦✾❁❀❡▲✇❇✽❁❅✕❭✕❃✪❚❨✽➂➀✇▼❄✽➉◗✫✽✱❖❶●❱❀✕✾❳✽❊❉❘▲
❖✷❀❡❃❩✽❳❷❙✽❊❪❥❖✷●❨✽➃●❱✽❊◗✐✾❘❙⑦▼❄❃✪◗✑❖◆❃✫❭✕▲❣❭❡❝❾◗❣▲❣✽❊●❱●❛❀✕❚❨❃✫✽❊◗✑✽❊❉ ✽❳➌✲❭✗❉◆❂❄❃✫✽❊❪❥✽❊❉❘▲❁❼①●❱❚❨✽❊▼❄❷❜❂◆✽➃➊➟❭✕❃✪❪❥❀❡▲✫❚❨❭✗❉➧◗❣▲❣✽❊●❱●❛❀✕❚❨❃✫✽✤✽❊❉
❖✷●❨✽❊❚❱❉◆✽③❀✕✾❳▲✫❚❨✈P❚❨▲✇❇✽✕r❈➠✭❉❊✂✷❉✶❼✓✾❳✽❁❃✪▲✫❀✕❚❱❉❄✽❊◗➂❂❄✽③✾❳✽❊◗➆✾❳❭✗❉◆❂❄✽❊❉◆◗✪❀❡▲✫❚❨❭✗❉◆◗➉❖✲✽❊▼❄✈✕✽❊❉✇▲③➏✽❁▲❣❃✫✽✐❭✕❖✷❀✕➀❙▼❄✽❊◗➂❀✕▼P❷❆❖✷❴❄❭✕▲❣❭✗❉◆◗
❇✽❊❪❥❚❱◗✱④✫▼◆◗✫➀❙▼❄✽❬❂◆❀✕❉◆◗❫●➣■❲❚❱❉❄➊➟❃✪❀❡❃✫❭✗▼❄❅✕✽❩❪❫❭➍➔✕✽❊❉s❼✹✽❁▲❥◗❣❭✗❉✇▲❥❖◆❃✫✽❊◗✪◗❣✽❊❉❘▲✫❚❱✽❊◗❫✾❳❭✗❪❥❪❫✽✤❂❄✽❊◗③◗✫❚❨▲❣✽❊◗❫❂❄✽❬➊➟❭✕❃✪❪❥❀❡▲✫❚❨❭✗❉
❂✶■❑❇✽❁▲❣❭✗❚❱●❨✽❊◗❥❪③❀✕◗✫◗✫❚❨✈✕✽❊◗❁r✴➐✱■➅✽❊◗❣▲❫❂❄✽❩✾❳✽❩▲❾➔❙❖✲✽❩❂s■➅❭✕➓P④⑥✽❁▲✫◗➆❂❄❭✗❉✇▲❫❚❱●❋◗❣✽❁❃✪❀t➀✇▼❄✽❊◗✫▲✫❚❨❭✗❉❯❂◆❀✕❉◆◗➆●❨✽❊◗➂◗❣✽❊✾❳▲✫❚❨❭✗❉◆◗❫◗✫▼✷❚❽❝
✈❞❀✕❉✇▲❣✽❊◗❁r
✘✚✙❨❳ ✢❵✣✦✳✶✣✹✩✫✣❖❩❭❬✣❍❪☞❫❵❴❜❛❞❝ ✢
✼✓✽❍❃✫✽❊●❱✽❁✈✴❇✽➂♦❣♣◆➸❡ ❹➢➥✼ ♠➣➸✚❪❫❭✗❉❘▲❥➫❁➭✻➯✕➲❽➳
✺
↔✕↔✕↔✗q➥✽❊◗✫▲❹●➣■❲▼◆❉✤❂❄✽❊◗✱❖◆❃✜❚❱❉◆✾❁❚❨❖✷❀✕▼❄❷✑❖◆❃✫❭✕❅✕❃✜❀✕❪❥❪❫✽❊◗❹✾❳❭✗❉◆❂◆▼◆❚❱▲✫◗
❀❊✈✕✽❊✾➆●❏■❲❚❱❉✷◗❣▲❣❃✪▼◆❪❫✽❊❉✇▲①♦✫♣◆➸➉➐➎➢❹♥ ♠➣➐❋✽❊◗✫❀❡❃✪◗❨❢❙➔➺➫❁➭①➯❡➲❨➳
✺
↔✕↔✷❣✗q➆❤❀❥➓✲❭✕❃✪❂❵❂✷▼✤◗✫❀❡▲❣✽❊●❱●❛❚❨▲❣✽➉♦✫♣◆➸➂r✸➐❋❭✗❪❍➓✷❚❱❉✷❀✕❉❘▲②●❛❀
❴◆❀✕▼❄▲❣✽❹❃P❇✽❊◗❣❭✗●❱▼◆▲✫❚❨❭✗❉❩◗❣❖✷❀❡▲✫❚❱❀✕●❨✽➥❭❡➌✸✽❁❃✪▲❣✽✚❖✷❀❡❃✭♦✫♣◆➸ ♠
✼✐❤❥❤
❝❦❣
❤❥❤
q❹❤❀➂▼◆❉❄✽❹❂✭❇✽❁▲❣✽❊✾❳▲✫❚❨❭✗❉❬❪❍▼✷●❨▲✫❚❽❝❾●❨❭✗❉❄❅✗▼◆✽❊▼❄❃✭❂✶■➅❭✗❉✷❂❄✽➆♠❏➵
✂✷●❨▲❣❃✫✽❊◗✹✽❊❉❘▲❣❃✪✽
✼
✽❁▲❧☛❡➙❖♠s❪✐q✜❼❙✾❳✽➥❃✫✽❊●❨✽❁✈✴❇✽❹◗❁■➅✽❊◗❣▲❋❖◆❃✪❚❛❉◆✾❁❚❨❖✷❀✕●❨✽❊❪❥✽❊❉❘▲✴❀❞❷✹❇✽✱❀✕▼❄▲❣❭✗▼◆❃❋❂❄✽❊◗✭❖◆❃✫❭✕➓❶●⑩❤✽❊❪❫✽❊◗✭❂◆✽➥❂◆❚❱◗✫▲❣❃✪❚❽❝
➓✷▼❄▲✫❚❨❭✗❉❬❂◆✽❊◗✻❂◆❚❨✈✕✽❁❃✪◗✫✽❊◗①❖✲❭✕❖✷▼◆●❱❀❡▲✫❚❨❭✗❉✷◗❋◗✫▲❣✽❊●❱●❱❀✕❚❨❃✫✽❊◗①❂◆✽➉❉❄❭✕▲❣❃✫✽✱ ❹❀✕●❛❀❞❷P❚❨✽✕r◆➢➥✈✕✽❊✾⑦▼✷❉❄✽➉◗❣✽❊❉◆◗✫❚❱➓✷❚❱●❱❚❨▲❙❇✽❹❪❫✽❊❚❱●❱●❱✽❊▼❄❃✫✽
❂❄✽❍❂◆✽❊▼P❷❬❭✕❃✪❂❄❃✫✽❊◗➥❂❄✽➉❅✕❃✪❀✕❉◆❂◆✽❊▼❄❃②❖✷❀❡❃➥❃✪❀❡❖◆❖✲❭✕❃✫▲❍❤❀③♦ ♥➥➢❹♣✸❼✸❚❱●s✾❳❭✗▼❄✈❙❃✫✽➂▼◆❉❵✾✪❴✷❀✕❪❫❖t❂s■➅✽❊❉❘✈P❚❨❃✫❭✗❉
✺
➵✑❂❄✽❁❅✕❃P❇✽❊◗
✾❁❀❡❃✫❃P❇✽❊◗❋❀✕▼❄▲❣❭✗▼❄❃✹❂◆▼➆❖❶●❱❀✕❉❫❂❄✽✻●❱❀❹❺❻❭✗❚❨✽➥✼✓❀✕✾❳▲✇❇✽❁✽➆♠✲♣ q✷♣✵r ➙✵s ➵✷t❊q❈✽❁▲✴✽❳❷P❖✷●❨❭✕❃✪❀✕❉✇▲✴❂❄✽❊◗✴●❨❭✗❉◆❅✗❚❨▲✫▼◆❂❄✽❊◗❈❅✗❀✕●❱❀✕✾❳▲✫❚❱➀❙▼❄✽❊◗
✽❊❉❘▲❣❃✪✽✾✉❙➨❡➙ t ♠✡✈✇☛✕➨❡➙ t q✶✽❁▲❖✈
✺✽✼
➩ t r⑤➄⑨❀❡❃✪❪❥❚❙●❨✽❊◗✉❖◆❃✫✽❊❪❥❚❱✽❁❃✪◗s❃P❇✽❊◗✫▼✷●❨▲✫❀❡▲✫◗✉❂◆✽❋✾❳✽❋❃✫✽❊●❨✽❁✈✴❇✽✕❼❞➄➆❇✽❁❃✜❀✕▼◆●❨▲✻➫❁➭s➯❡➲❨➳◆♠
✺
↔✕↔✷❣✗q
❭✗❉❘▲✚❚❱❂◆✽❊❉❘▲✫❚❈✂➎❇✽➆▼◆❉❄✽❍❖✲❭✕❖✷▼◆●❱❀❡▲✫❚❨❭✗❉➃❂❄✽➂❅✗●❨❭✕➓✷▼◆●❨✽❊◗②✽❁▲✝✂✷●❱❀✕❪❫✽❊❉✇▲✫◗➥◗✫❭✗❪⑦➓◆❃✪✽❊◗✱❀❡❖✷❖✷❀❡❃✪❀✕❚❱◗✫◗✪❀✕❉❘▲✱✽❊❉➈❀❡➓✷◗❣❭✕❃✫❖◆▲✫❚❱❭✗❉
◗✫▼❄❃✱●❨✽✚➊➁❭✗❉✷❂✤❂◆❚❽➌✶▼◆◗①❚❱❉◆➊➁❃✪❀❡❃✪❭✗▼❄❅✕✽✑❤❀◗①❫✽❁▲
✺
➵❀♠s❪★♠✍✂❶●❨▲❣❃✫✽❊◗②✼②✟✽☛❥✽❁▲➥✼②✟
✼
❃✪✽❊◗❣❖✲✽❊✾❳▲✫❚❨✈✕✽❊❪❫✽❊❉✇▲✜q✜r✸➢➥✈✕✽❊✾⑦▼◆❉◆✽
◗❣✽❊❉◆◗✫❚❱➓✷❚❱●❱❚❨▲❙❇✽✑✽❁▲❥▼◆❉❄✽✐❃❙❇✽❊◗❣❭✗●❱▼❄▲✫❚❨❭✗❉❯❀✕❉❄❅✗▼✷●❱❀✕❚❨❃✫✽❩●✜❇✽❁❅P❤✽❁❃✫✽❊❪❫✽❊❉✇▲✑❪❫❭✗❚❱❉✷❂❄❃✫✽✕❼✉●❱✽❩◗✪❀❡▲❣✽❊●❱●❱❚❨▲❣✽❬♥t♣✵③ ♠❏♥➃❚❱❂◆✾❳❭✗▼❄❃✪◗✫✽
✺✻✺
❣
II
b
IIl
00.
5
31
.0
−
0.
5
30
.5
30
.0
29
.5
29
.0
1
2
 ❧✄✂✁☎✄
✼
r
✺
✉ ◆✝✆❙➯✩✴✟✞ ✣✡✠☞☛❁➫❘❄✍✌
✏
➫✎✞P➯✩❄✾✰✑✏✡✒✔✓➯✖✕✦♠❖✴ ➯✩✳❄➭✡✣✩✳✵❄✞✮❘➫➎➲❨➯❹➲❨➯✕➭✆✪⑩➭✆✳❊✮✇➫✘✗❘➯✕➲❽➯✚✙➍➭✆✪✜✛✜✳✷➫✣✢✡✤ t✦✥ ✞ ❄
✏
➫☞☛❁➫❘★✷➭➣➯✩★✷➭
✮❘➫ ★ ✣✷✴✧✠❘❄❣➫❘✳✚★✱★✫✳◆➯✦✗✇➫✩☛✣☛❘✣✩✴✪✠✧❄✫➫☞☛ ✪✍★✦✫❅❄⑥➯✩❄❨✣✩✳✚✗✇➫
✥
✞P➯✷❄ ✴ ✪s➲❱➫☞☛✬✛❘✳✷➫❳➲✭☛①➲❨➫✩☛ ✣✡✠✜✮❊➫❁➭✂☛✣✯✱✰✟✲✴✳✶✵✗➳✜✷✸✳✹✲✺✷✕➳✻✢✽✼✿✾❁❀
✥
✌✐✣✩✪✍❄
➯✩✳❂☛❃☛❅✪✽✰❯✪❄✗❘➳❅✳❘➳✻✢✡✵☞❆⑦➫❁➭✽✯✱✰✟✲✴✳✡✷✕➳✻✢✶✳❈❇❉✷✕➳✻✢❂✷✧✾✜❊
✥
✌✐✣✷✪❋❄①➯✩✳❂☛❃☛❅✪✹✰✾✪❄✗✸☛❁➳✻✳❘➳✻✢➂➫❊➭❋✳❘➳●✢❍✷✍❆❡✮❲✣✩★✷➭✹✪➟➲✡☛❁➫✧❄❣➯■✛✜✳✷➫☞☛➑➭✆✪ ✣✩★✖✮✗➯✩★❏☛
✙✜➫❊➭❏➭❾➫
✏
➫❁➭✆✳✫✮❘➫➍➳
✺✻✺
①
♦❣♣✷➸✁ ❹➢✱✼
♣❙❖✷❀✕✾❳✽❫➠❻❷P❖✲✽❁❃✪❚❱❪❫✽❊❉✇▲❁❼❶➄✹❃✪❚❱✾❳✽❬➫❁➭✻➯❡➲❨➳✦☛❡➙✕➙
✺
q✱✾❳❭✗❉❊✂✷❃✪❪❥❀✐✾❳✽❍❃P❇✽❊◗✫▼✷●❨▲✫❀❡▲❹❖✸✽❊▼t❀❡❖◆❃❊❤✽❊◗❹✽❊❉t❖◆❃✫❭✕❖✲❭✗◗✫❀✕❉✇▲➥▼✷❉✤❃✫✽❳❝
●❨✽❁✈✴❇✽❹✾❳❭✗❪❫❖✷●❱✽❁▲✹❂❄✽②●❱❀✱ ❹❀✕●❱❀❞❷❄❚❨✽✻✽❊❉✇▲❣❃✫✽✝①✱✽❁▲☎☛✕➵❀♠s❪❬r❘✼✉❀✇✂◆❅✗▼❄❃✪✽
✼
r
✺
❖◆❃P❇✽❊◗✫✽❊❉❘▲❣✽✱▼◆❉❥✾✪❴✷❀✕❪❫❖✐❂s■➅✽❊❉❘✈P❚❨❃✫❭✗❉❫➩❄r ➵
❂❄✽❁❅
➻
❭✕➓◆▲❣✽❊❉❙▼✤❤❀➉➨❀♠s❪↕❀✕▼❄▲❣❭✗▼❄❃✴❂◆✽➎●❛❀✱●❱❭✗❉❄❅✗❚❨▲✫▼◆❂❄✽✞☛✕↔ t r❡♦⑥●❄❪❫❭✗❉❘▲❣❃✪✽✻❂❄✽➎▲❣❃❁❤✽❊◗✹❉❄❭✗❪❍➓◆❃✫✽❊▼◆◗✫✽❊◗✉❖✲✽❁▲✫❚❨▲❣✽❊◗⑨▲⑤➏❀✕✾✜❴❄✽❊◗
◗❣❭✗❪❍➓◆❃✫✽❊◗❹✈P▼❄✽❊◗②✽❊❉➈✾❳❭✗❉✇▲❣❃✪❀✕◗❣▲❣✽❥◗✫▼◆❃✱●❨✽➂➊➟❭✗❉◆❂➈❚❱❉❄➊➟❃✪❀❡❃✫❭✗▼❄❅✕✽✕r✸➞➥❉➈✾❳❭✗❪❫❖◆▲✫❀❡❅✕✽❫✽❳➌✲✽❊✾❳▲✫▼❋❇✽❥❂◆❀✕❉◆◗❹●❨✽➂❂❄❭✗❪❥❀✕❚❱❉◆✽
♣ q✷♣✵r❦➙✵s ➵
t
❼✷↔
✺ t
r✁ ✼r ☛✷❣✕↔
t
❃❙❇✽❁✈❶❤✽❊●❨✽❍❖✷●❱▼◆◗①❂◆✽❡☛❡➙✕➙✕➙③❂❄✽➉✾❳✽❊◗➥❉✇▼◆❀❡❅✕✽❊◗➥◗❣❭✗❪❍➓◆❃✫✽❊◗⑦♠⑩➠✹❅✗❀✕❉❧➫❁➭➎➯❡➲❨➳
✺
↔✕↔✕➨✗q✜r
➞✱❉❄✽③❃✪✽❊✾✪❴❄✽❁❃✪✾✜❴❄✽❩◗❣➔❙◗✫▲✇❇✽❊❪③❀❡▲✫❚❱➀✇▼◆✽✐❂❄✽③▲❣✽❊●❱◗⑦❭✕➓❄④⑥✽❁▲✫◗➂❂◆❀✕❉◆◗➂●❨✽❥❃✫✽❊●❱✽❁✈✴❇✽✐♦❣♣◆➸❡ ❹➢➥✼➧❀✝❇✽❁▲❙❇✽❬❃P❇✽❊❀✕●❱❚❛◗✇❇✽❁✽✑❖✷❀❡❃
➤②✽❊❉✷❉❄✽❁➓✲✽❊●❱●❨✽❦➫❁➭③➯❡➲❨➳➂♠ ☛❡➙✕➙
✺
q✜❼②✽❁▲❬✽❊◗❣▲❬❖◆❃P❇✽❊◗✫✽❊❉❘▲❙❇✽❁✽➺❂✷❀✕❉◆◗❬●❏■❲❀❡❃✫▲✫❚❱✾❁●❱✽t♦➉④⑥❭✗❚❛❉❘▲❩✽❊❉✝❀✕❉◆❉❄✽❳❷P✽❢❤❀❜✾❳✽✿▲❣❃✪❀➍✈❞❀✕❚❱●
♠⑩❀✕❉◆❉❄✽❳❷P✽  ➉q✜r✕➞➥❉◆✽➎❀❡❖✷❖◆❃✫❭P✾✪❴❄✽➎➊➟❭✗❉◆❂✭❇✽❁✽①◗✫▼❄❃❻●❏■❲❀✕❉◆❀✕●❨➔P◗❣✽❋✽❊❉➆❭✗❉◆❂❄✽❊●❨✽❁▲❣▲❣✽❊◗❻❂◆✽❊◗❈✾✜❴◆❀✕❪❫❖✷◗②❤❀✁①②✽❁▲
✺
➵❀♠s❪➜♠✆♥②▼❋❇✽
➦✄✂❋❚ ④❣❀❡❭✗▼◆❚➟q①❀✑❖✸✽❁❃✜❪❥❚❨▲②❂✶■➅✽❳❷P▲❣❃✪❀✕❚❨❃✪✽❍▼◆❉t✾❁❀❡▲✫❀✕●❨❭✕❅✗▼❄✽❫❂✶■➅✽❊❉✇✈❙❚❱❃✫❭✗❉❵➩❘➵❡➙✐❭✕➓P④❣✽❁▲✫◗❁❼✲●❱❀③❖❶●❱▼❄❖✷❀❡❃✫▲❩❇✽❁▲✫❀✕❉✇▲➉◗✫❚❨▲✫▼❋❇✽❊◗
❂◆❀✕❉◆◗❥●➣■❲❀✕❉◆❉❄✽❊❀✕▼❦❪❫❭✗●➑❇✽❊✾❁▼✷●❱❀✕❚❨❃✫✽❬❭✗▼❦❂◆✽❊◗❫❃❙❇✽❁❅✗❚❨❭✗❉◆◗❫❖❶●❱▼◆◗❫❚❱❉✇▲❣✽❁❃✪❉❄✽❊◗❫❂❄✽➃❉❄❭✕▲❣❃✫✽✚ ❹❀✕●❱❀❞❷❄❚❨✽❿♠⑩✾❳➊✆☎⑨❚❨❅❄r
✺✻✺
❂◆✽
●❏■❲❀❡❃✫▲✫❚❱✾❁●❱✽⑦♦✫q✜r✸➞✱❉❄✽➆◗✇❇✽❊●❨✽❊✾❳▲✫❚❨❭✗❉➈❂❄✽❍✾❳✽❊◗✱❭✕➓P④❣✽❁▲✫◗✱✽❊◗❣▲✱❖◆❃❙❇✽❊◗❣✽❊❉✇▲✇❇✽❁✽❊◗⑦◗✫▼❄❃❹✾❳✽❁❃✫▲✫❀✕❚❱❉❄✽❊◗✱❂❄✽❊◗ ✂◆❅✗▼❄❃✫✽❊◗
✼
r ↔✿❤❀
✼
r ☛
✼
r
➠✹❉➈❂❋❇✽❘✂✷❉◆❚❛◗✫◗✫❀✕❉✇▲➥❖✲❭✗▼❄❃❹✾✪❴◆❀✕➀❙▼❄✽❫✾✪❴✷❀✕❪❫❖✿▼◆❉❄✽➆❚❱❉❘▲❣✽❊❉✷◗✫❚❨▲✇❇✽❫❪❫❭➍➔✕✽❊❉◆❉◆✽➂❃✪✽❁❖◆❃❙❇✽❊◗❣✽❊❉✇▲✫❀❡▲✫❚❨✈✕✽❥❂❄✽❊◗✱❃❙❇✽❁❅✗❚❨❭✗❉◆◗✚❉❄❭✗❉
❀❡➓✷◗❣❭✕❃✫➓➎❇✽❁✽❊◗❊❼⑤❭✗❉❍❖✲✽❊▼❄▲s✽❳❷P❖◆❃✪❚❱❪❫✽❁❃✉●❨✽✹✾❳❭✗❉✇▲❣❃✪❀✕◗❣▲❣✽➎❭✕➓✷◗❣✽❁❃✫✈✴❇✽❋❂✷❀✕❉◆◗✓●❨✽❊◗✓⑧❁❭✗❉❄✽❊◗❈●❨✽❊◗s❖✷●❛▼◆◗➥❇✽❁▲❣✽❊❚❱❉✇▲❣✽❊◗❁r✕✼s✽✹❃✜❀❡❖◆❖✲❭✕❃✫▲
❂❄✽➥✾❳✽❊◗➎✾❳❭✗❉✇▲❣❃✪❀✕◗❣▲❣✽❊◗⑦❤❀ ①✚✽❁▲
✺
➵❀♠s❪ ✽❊◗✫▲❋❂❄✽✱●❏■➅❭✕❃✪❂❄❃✪✽②❂❄✽➥➙Pr ①❡➵✞✝✚➙Pr
✺
➵❙r◆➢②✈✕✽❊✾❹❂❄✽❊◗✭❭✕❖✷❀✕✾❁❚❨▲❙❇✽❊◗➉❤❀
✺
➵❖♠s❪ ❂◆❀✕❉◆◗
●❨✽✿❂❄❭✗❪❥❀✕❚❱❉◆✽➈➙Pr ➵ ✉
✺
❼➥✾❳✽❆❃❙❇✽❊◗✫▼◆●❨▲✫❀❡▲❵✾❳❭✕❃✪❃✫✽❊◗❣❖✲❭✗❉◆❂ ❤❀❯▼◆❉➧❃✪❀❡❖◆❖✲❭✕❃✫▲❬❂✶■➅❭✕❖✷❀✕✾❁❚❨▲❙❇✽❆✽❊❉✇▲❣❃✫✽✿●❨✽❊◗❬❂❄✽❊▼❄❷ ✂✷●❨▲❣❃✪✽❊◗
✟
❱✡✠
✟☞☛✍✌✏✎
➙✵s ①✑✝ ➙✵s
✺
➵❙❼✻▼◆❉◆✽✤❖◆❃P❇✽❊❂◆❚❛✾❳▲✫❚❨❭✗❉ ✽❊❉➧▲❣❃❊❤✽❊◗❩➓✲❭✗❉➧❀✕✾❁✾❳❭✕❃✪❂✝❀❊✈✕✽❊✾✿●❨✽➈❪❫❭P❂✲❤✽❊●❨✽➈❂✶■❑❇✽❊❪❥❚❱◗✫◗✫❚❱❭✗❉❢❂❄✽❊◗
❖✲❭✗▼◆◗✫◗✫❚❏❤✽❁❃✫✽❊◗➆❂❄✽❩❸✱❃✪❀✕❚❱❉❄✽❬➦ ✼s✽❁✽❆♠
✺
↔✕➨❞➩✇q✜r✹➞✱❉❄✽❩❀✕❉◆❀✕●❨➔P◗❣✽✑❖❶●❱▼◆◗✁✂❶❉❄✽✑❃P❇✽❊❀✕●❛❚❱◗✇❇✽❁✽❵◗✫▼❄❃➆➀✇▼◆✽❊●❱➀✇▼◆✽❊◗❍▼◆❉✷◗❍❂❄✽❊◗
❭✕➓P④❣✽❁▲✫◗➉●❨✽❊◗❹❖✷●❱▼✷◗➥❭✕❖❶❀✕➀✇▼❄✽❊◗❹❖✲✽❁❃✪❪❥✽❁▲❹▼✷❉❄✽➆✽❊◗❣▲✫❚❱❪❥❀❡▲✫❚❨❭✗❉✿❂◆✽❊◗❹❭✕❖✷❀✕✾❁❚❨▲✇❇✽❊◗❍❪③❀❞❷P❚❱❪③❀✕●❨✽❊◗❥❤❀
✺
➵❀♠s❪❬❼✶✾❳✽❊●❱●❨✽❊◗⑥❝❾✾❁❚
❃✫✽❊◗❣▲✫❀✕❉✇▲✹✾❳✽❁❖✲✽❊❉◆❂◆❀✕❉✇▲✴❀✕◗✫◗❣❭P✾❁❚✜❇✽❁✽❊◗✱❤❀✚❂❄✽❊◗⑨➓❶❀❡❃✫❃✫✽❊◗❻❂✶■➅✽❁❃✫❃✪✽❊▼❄❃✴❉❄❭✗❉❫❉❋❇✽❁❅✗●❱❚❨❅✕✽❊❀❡➓❶●❨✽❊◗❁r✗✼s✽①▲✫❀❡➓❶●❨✽❊❀✕▼
✺
❂❄✽✻●❏■❲❀❡❃✫▲✫❚❛✾❁●❨✽
♦①❃❙❇✽❊◗✫▼◆❪❫✽➆✾❳✽❊◗❹✾❁❀✕●❱✾❁▼◆●❱◗❊r✷➢②✈✕✽❊✾➆❂❄✽❊◗➥❭✕❖✷❀✕✾❁❚❨▲❙❇✽❊◗✚❂❄✽
✺
✽❁▲✱❖✷●❱▼◆◗②❂◆❀✕❉◆◗✱●❏■❲❚❱❉❄➊➟❃✪❀❡❃✫❭✗▼❄❅✕✽❍❪❫❭➍➔✕✽❊❉✶❼✲●❨✽❊◗✱❂❄✽❊❉◆◗✫❚❱▲✇❇✽❊◗
❂❄✽✿✾❳❭✗●❨❭✗❉◆❉❄✽✿❀❡▲❣▲❣✽❊❉◆❂✷▼❄✽❊◗❬◗❣❭✗❉✇▲❵◗✫▼❄❖➎❇✽❁❃✪❚❨✽❊▼◆❃✫✽❊◗❆❤❀
✺
➙
➻
✔✓✾❁❪✖✓
➻
❼✻✾❳❭✗❉❊✂◆❃✪❪❥❀✕❉✇▲❩●❱❀❯❉◆❀❡▲✫▼❄❃✫✽❦➯ ✞ ❄❅✪ ✣✩❄ ✪❹▲❣❃❊❤✽❊◗
✾❳❭✗❉◆❂❄✽❊❉◆◗❙❇✽❁✽❹❂❄✽✱✾❳✽❊◗✹❭✕➓P④❣✽❁▲✫◗❁r❄➐❋✽❊◗✹❃P❇✽❊◗✪▼◆●❨▲✫❀❡▲✫◗❋◗❣✽❁❃✫❭✗❉✇▲✭✾❳❭✗❉❊✂◆❃✜❪➺❇✽❊◗✹❖✷❀❡❃❋●❏■❑❇✽❁▲✫▼◆❂❄✽✱✾❳❭✗❉◆❂◆▼◆❚❨▲❣✽➥❀✕▼P❷❥●❨❭✗❉❄❅✗▼❄✽❊▼❄❃✜◗
❂✶■➅❭✗❉◆❂❄✽➈❃✪❀✕❂✷❚❨❭➺✽❁▲❩❖◆❃P❇✽❊◗✫✽❊❉❘▲❙❇✽❁✽➺❂✷❀✕❉◆◗❩●❱❀➺◗✫✽❊✾❳▲✫❚❨❭✗❉✝◗✫▼◆❚❨✈❡❀✕❉✇▲❣✽✕r➎➠✭❉➧❖✷❀❡❃✫▲✫❚❱✾❁▼◆●❛❚❨✽❁❃❊❼✹❉❄❭✗▼✷◗✐▼◆▲✫❚❱●❱❚❱◗❣✽❁❃✪❭✗❉◆◗③●❨✽❊◗
❭✕❖✷❀✕✾❁❚❨▲❙❇✽❊◗➎✽❊◗❣▲✫❚❱❪❧❇✽❁✽❊◗❋❚❱✾❁❚❶❀✩✂✷❉③❂❄✽➥✾❳❭✗❉◆◗❣▲❣❃✪▼◆❚❱❃✫✽②▼◆❉❄✽➥❂◆❚❱◗❣▲❣❃✪❚❱➓✷▼❄▲✫❚❨❭✗❉➂❂❄✽➥●➣■➅✽❳❷❙▲✫❚❱❉✷✾❳▲✫❚❨❭✗❉❥❂◆❀✕❉◆◗✭●❨✽✻✈P❚❱◗✫❚❨➓❶●❨✽➎❖✸❭✗▼◆❃
▼◆❉❄✽➉◗❙❇✽❊●❨✽❊✾❳▲✫❚❱❭✗❉✤❂❄✽⑦❉❙▼◆❀❡❅✕✽❊◗➥◗❣❭✗❪⑦➓✷❃✫✽❊◗✻❚❱❉❄➊➟❃✪❀❡❃✫❭✗▼◆❅✕✽❊◗❁r
✘✚✙⑥✘
❬
✒
✰✲✬✔✓❫✣✕✓❫✺✻✯➆✵ ✩✫✣✖✓✑✗➥✥ ✺✻✧✜✯➆✣ ✥ ✧✪✩✪✩✜✧✪✥ ❬✣⑨✰✸✳s✧✙✘⑦✬➆✣
➢ ●❱❀❥◗✪▼◆❚❨▲❣✽➉❂❄✽❊◗②❃❙❇✽❊◗✫▼◆●❨▲✫❀❡▲✫◗➥❭✕➓◆▲❣✽❊❉❙▼◆◗②❀➍✈✕✽❊✾⑦♦✫♣◆➸➂❼✷❉◆❭✗▼◆◗✻❀❊✈✕❭✗❉✷◗➥❂❋❇✽❊✾❁❚❱❂❋❇✽➆❂❄✽➉❖✲❭✗▼❄❃✜◗✫▼◆❚❨✈❙❃✫✽❹●❏■❑❇✽❁▲✫▼◆❂❄✽❍❂◆✽
✾❳✽❊◗✹✾❳❭✗❉◆❂◆✽❊❉◆◗✫❀❡▲✫❚❨❭✗❉◆◗❻❂✷❀✕❉◆◗❻●❨✽✻❂❄❭✗❪❥❀✕❚❛❉❄✽①❂❄✽❊◗✴●❨❭✗❉❄❅✗▼◆✽❊▼❄❃✪◗⑨❂✶■➅❭✗❉◆❂❄✽①❪❥❚❛●❱●❱❚❱❪❧❇✽❁▲❣❃✪❚❛➀✇▼❄✽❊◗❊r⑤➄✹●❛▼◆◗✫❚❨✽❊▼❄❃✜◗✓❖➎❇✽❁❃✪❚❱❭❙❂❄✽❊◗
❂✶■➅❭✕➓✷◗❣✽❁❃✪✈❞❀❡▲✫❚❨❭✗❉✷◗✴❭✗❉✇▲❥❇✽❁▲✇❇✽✚✾❳❭✗❉◆❂◆▼◆❚❨▲❣✽❊◗✭❀✕▼P❷❫▲✇❇✽❊●❨✽❊◗✫✾❳❭✕❖✲✽❊◗➎❂❄✽
✼
➙❞❝❾❪ ❂❄✽②●❏■➅♦ ♥②➢❹♥❿❼✇❂❄✽
✺
➙✕➙❞❝❾❪ ❂✶■❲➠✴➌✸✽❊●❛◗❣➓✲✽❁❃✫❅
♠❏♥✤❀❞❷❙❝❾➄✹●❛❀✕❉◆✾✲❢➺♦➒❉◆◗✫▲✫❚❨▲✫▼❄▲❩❤❀✚✂❋❭✗❉◆❉❶q✜❼⑨❂❄✽✐➩❡❝❾❪ ❂◆✽✜✛✱❀✕❉❘▲❣✽❊❉✝♠⑩➞✱❉◆❚❨✈✕✽❁❃✪◗✪❚❨▲✇❇✽✐❂❄✽✢✛✱❀❡❅✕❭➍➔✗❀❘q➂✽❁▲➆❂❄✽
✼
❝❾❪ ❂◆✽
✸❹➸⑦♣❄♥✤➢➜♠⑩➞✱❉◆❚❨✈✕✽❁❃✜◗✫❚❨▲✇❇✽❍❂❄✽➆➐❋❭✗●❨❭✕❅✗❉❄✽⑤q✜❼❶❖✸✽❁❃✜❪❫✽❁▲❣▲✫❀✕❉❘▲✱❂✶■❲❀✕✾❁✾❁▼◆❪➂▼◆●❨✽❁❃✱▼◆❉➆④❣✽❊▼✤❂❄✽❍❂❄❭✗❉◆❉❋❇✽❁✽❊◗✱✾❳❭✗❉◆◗✇❇✽❊➀✇▼◆✽❊❉❘▲
❂◆❀✕❉◆◗➂❂❄✽✑❉◆❭✗❪⑦➓◆❃✪✽❊▼◆◗❣✽❊◗➂❪❫❭✗●✜❇✽❊✾❁▼◆●❨✽❊◗❁❼❈❀✕❚❱❉◆◗✫❚✭➀✇▼◆✽✑❂◆❀✕❉◆◗❍●❨✽✑✾❳❭✗❉✇▲✫❚❱❉❙▼◆▼◆❪ ❤❀
✺
r ☛✹❪❥❪❬r✉➢➥❖◆❃❊❤✽❊◗➂▼◆❉➺❃✪❀❡❖◆❖✲✽❊●
❂❄✽❊◗✻❚❱❉◆➊➁❭✕❃✪❪③❀❡▲✫❚❨❭✗❉◆◗➎▼◆❉◆❚❱➀❙▼❄✽❊◗❋❭❡➌✲✽❁❃✫▲❣✽❊◗②❖❶❀❡❃✻●❨✽❊◗✻◗✫❚❨❅✗❉✷❀✕▼P❷❦❇✽❊❪❥❚❱◗➂❤❀❫✾❳✽❊◗✻➊➟❃❙❇✽❊➀✇▼❄✽❊❉✷✾❳✽❊◗❁❼✷❉❄❭✗▼◆◗①❂❋❇✽❊✾❳❃✜❚❨❃✫❭✗❉◆◗①✽❊❉
❂✭❇✽❁▲✫❀✕❚❱●✻●❨✽❊◗➆❭✕➓❶◗❣✽❁❃✫✈❡❀❡▲✫❚❨❭✗❉◆◗➆✽❁▲❥●❨✽❊▼❄❃❧❇✽❁▲✫❀✕●❨❭✗❉✷❉◆❀❡❅✕✽✕❼✹❀✕▼◆➀❙▼❄✽❊●①▼◆❉❄✽❩❀❡▲❣▲❣✽❊❉✇▲✫❚❨❭✗❉❦▲❣❭✗▼❄▲❣✽❬❖❶❀❡❃✫▲✫❚❱✾❁▼◆●❱❚❏❤✽❁❃✪✽❩❀ ❇✽❁▲❙❇✽
❖✲❭✕❃✫▲✇❇✽❁✽✕r✣✛➥❭✗▼◆◗①❃P❇✽❊◗✫▼✷❪❫✽❁❃✫❭✗❉◆◗❩❇✽❁❅✗❀✕●❱✽❊❪❫✽❊❉❘▲❹●❨✽❊◗①❖✷❃✪❚❱❉◆✾❁❚❨❖❶❀✕▼P❷❥❃❙❇✽❊◗✫▼◆●❨▲✫❀❡▲✫◗✱❂❄✽➉●❏■❲❀✕❉✷❀✕●❨➔❙◗✫✽✚✽❁▲②❚❱❉✇▲❣✽❁❃✫❖◆❃P❇✽❁▲✫❀❡▲✫❚❨❭✗❉
❂❄✽⑦✾❳✽❊◗➥❂❄❭✗❉◆❉❋❇✽❁✽❊◗❁❼◆❖✷❃❙❇✽❊◗❣✽❊❉❘▲❙❇✽❁✽❊◗❹❂◆❀✕❉◆◗②●❏■❲❀❡❃✫▲✫❚❱✾❁●❨✽✭④❣❭✗❚❱❉✇▲①✽❊❉❵❀✕❉◆❉❄✽❳❷P✽✱ ➜♠⑩❀❡❃✪▲✫❚❱✾❁●❨✽✚♦✫♦✫q✜r
✤✦✥✧✤✦✥✩★ ✪✬✫
✏✮✭
✔✰✯✔✲✱✭✒ ✏✞✳✍✴✦✵✴✔
➢✱◗✫◗❣✽❁⑧✑❖✸✽❊▼➺❂❄✽✐❖✷❀❡❃✪❀✕❪❬❤✽❁▲❣❃✫✽❊◗➂❖✷❴✇➔❙◗✪❚❱✾❳❭❡❝❾✾✪❴◆❚❛❪❥❚❱➀❙▼❄✽❊◗✚❖✲✽❊▼❄✈✕✽❊❉✇▲✑➏✽❁▲❣❃✫✽❩❂✭❇✽❊❂◆▼◆❚❨▲✫◗➂❂❄✽❊◗➂◗❣✽❊▼◆●❨✽❊◗❍❂❄❭✗❉◆❉❋❇✽❁✽❊◗
❂✶■❲❚❱❪❥❀❡❅✕✽❁❃✜❚❨✽✚❂◆❀✕❉◆◗①●❏■❲❚❱❉◆➊➁❃✪❀❡❃✪❭✗▼❄❅✕✽✱❪❥❭➍➔✕✽❊❉✶r✷➢➼✾❳✽❊◗✻●❨❭✗❉◆❅✗▼❄✽❊▼❄❃✪◗①❂✶■➅❭✗❉✷❂❄✽✕❼❄❉❄❭✗▼◆◗①❀❊✈✕❭✗❉✷◗✻✈P▼❬➀✇▼❄✽✚●❨✽❊◗➎❭✕➓❄④⑥✽❁▲✫◗
❇✽❁▲✫▼◆❂◆❚➑❇✽❊◗✭❚❱✾❁❚❄◗❣✽✻✾❁❀❡❃✪❀✕✾❳▲❙❇✽❁❃✪❚❱◗✫✽❊❉❘▲✭❖✷❀❡❃✹▼◆❉❄✽➎➊➟❭✕❃✫▲❣✽✻❭✕❖✷❀✕✾❁❚❱▲✇❇✽✕❼❙✾❳✽✻➀✇▼✷❚❄◗✫▼❄❅✕❅P❤✽❁❃✫✽➥❂s■❲❚❱❪❫❖✲❭✕❃✫▲✫❀✕❉✇▲❣✽❊◗❻➀✇▼◆❀✕❉✇▲✫❚❨▲❙❇✽❊◗✹❂◆✽
❪❥❀❡▲✫❚❏❤✽❁❃✫✽✻◗✫▼◆❃❈●❱❀✱●❱❚❨❅✗❉◆✽✭❂❄✽➎✈P❚❱◗✇❇✽❁✽✕r✕✼s✽➎➊➟❀✕❚❱▲❈➀❙▼✶■❲❀✕▼◆✾❁▼◆❉◆✽❥❇✽❊❪❥❚❱◗✪◗✫❚❨❭✗❉➂❉✶■➅➔➉✽❊◗❣▲⑨❖✲✽❁❃✪✾❳✽❁❖◆▲✫❚❨➓❶●❨✽❹❤❀✁①✜✉
✺
➵❵♠s❪➼❉❄❭✗▼◆◗
❚❱❉◆❂◆❚❛➀✇▼❄✽✚➀❙▼❄✽❍✾❳✽❊◗✱✾❳❭✗❉◆❂❄✽❊❉✷◗✫❀❡▲✫❚❨❭✗❉◆◗②❭✗❉❘▲✱❂❄✽❊◗✻❭✕❖✷❀✕✾❁❚❱▲✇❇✽❊◗✚❂✷❀✕❉◆◗✻●❏■❲❚❱❉◆➊➁❃✪❀❡❃✪❭✗▼❄❅✕✽➉❪❫❭➍➔✕✽❊❉✷✶
✺
r✲➐❋✽❊✾❁❚✉✾❳❭✕❃✫❃✫✽❊◗⑥❝
❖✲❭✗❉◆❂❵❤❀✱❂◆✽❊◗✉✽❳❷P▲✫❚❱❉◆✾❳▲✫❚❱❭✗❉◆◗⑨❂◆❀✕❉◆◗⑨●❨✽➎✈❙❚❛◗✫❚❨➓✷●❨✽➆❇✽❊●❱✽❁✈✴❇✽❁✽❊◗✴✽❁▲✴◗✪▼❄❅✕❅P❤✽❁❃✫✽✻▼◆❉➆❪❥❚❱●❱❚❱✽❊▼➉❭✕❖✷❀✕➀❙▼❄✽➎✽❁▲⑨➊➁❃✫❭✗❚❛❂✶r❞❸✱✽➎▲❣✽❊●❱●❨✽❊◗
✾❳❭✗❉◆❂◆❚❨▲✫❚❱❭✗❉◆◗✻◗❣❭✗❉✇▲➥❖❶❀❡❃✫▲✫❚❱✾❁▼◆●❱❚❏❤✽❁❃✪✽❊❪❫✽❊❉❘▲✻❀✕❂✷❀❡❖◆▲✇❇✽❁✽❊◗✚❀✕▼P❷➧❇✽❁▲✫▼◆❂❄✽❊◗✱❂◆❀✕❉◆◗✻●❨✽❊◗➥❂❄❭✗❪❥❀✕❚❱❉◆✽❊◗②✾❳✽❊❉✇▲✫❚❱❪➺❇✽❁▲❣❃✪❚❱➀❙▼❄✽⑦✽❁▲
❪❥❚❱●❱●❛❚❱❪➺❇✽❁▲❣❃✪❚❱➀❙▼❄✽✕r❻➢ ✾❳✽❊◗✑●❨❭✗❉◆❅✗▼❄✽❊▼❄❃✪◗❥❂s■➅❭✗❉◆❂❄✽✕❼✹●❱❀❆❖✸❭✗▼✷◗✫◗✫❚❏❤✽❁❃✫✽❵✽❊◗✫▲③❭✕❖◆▲✫❚❱➀❙▼❄✽❊❪❫✽❊❉✇▲③❪❥❚❛❉◆✾❳✽❬✽❁▲③❭✕➓✷◗✫✽❁❃✫✈✴❇✽❁✽
✺✻✺
➨
IRAS 100 microns
Nanten 13CO(1−0)
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◗✫▼◆❚❱▲❣✽✕❼➍❉❄❭✗▼◆◗✉❉✶■❲▼❄▲✫❚❱●❱❚❛◗❣✽❁❃✫❭✗❉◆◗✶✾❳✽❁❖✲✽❊❉◆❂◆❀✕❉✇▲s❖✷❀✕◗✉●❨✽❊◗✓❂◆❭✗❉◆❉✭❇✽❁✽❊◗✓✽❊❉❍➤❹➐
✔
✛➂♠❏➵
✘
➩✇q✜r✕➠✹❉➉✽❳➌✸✽❁▲❁❼❡❂❄✽❊◗✓❂✷❚❱◗✫✾❁▼◆◗✫◗✪❚❨❭✗❉◆◗
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✒ ✒
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➫✧✴ ✪❅☛❃☛❅✪✆✣✩★✚✥✍✏ ✖  ✧☎ ✓ ✮❘➯✩★❏☛
➲❨➫✩☛  ✴➲ ➭✆❄✫➫☞☛ ✓✾❃ ✢ ✾✍✼✫♠❖✴ ✥ ✠❳➲❱➫✧✳ ❆✤➫❁➭ ✓✾❃ ✳ ✾ ✵✌☞✦♠❖✴ ✥ ❄❨✣✩✳✚✗✇➫ ❆❡➳
✁ ✂✙◗☎▲✕❑▼■
✟
✏
➫✧✴ ✪✻☛✍☛ ✪ ✣✩★ ✪❋★✷➭
✏
➫❃✗✷❄
✏
➫➍➫❉✮✗➯✩★❏☛▼✮✩✪✂❇
✌❡➫❘❄❃☛❊➫☞☛ ✴ ✣❡➲
✏
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✾
☛
✔ ◆✗✖✻♠
✔ ✘
➙❘q✤➫❁➭
☛
✔ ◆✗✖✻♠ ☛
✘ ✔
q❁❆ ✥
✵✸❇✟✞ ✑ ✷✕➳ ☞ ☎✌☛ ✴ ☛ ✓
☛
✾ ◆
☛✄✂
✖✻♠
✔ ✘
➙❘q➃➫❁➭❉◆
☛✄✂
✖✻♠ ☛
✘ ✔
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☛
✾ ◆ ✏✎✾✍☛
✘ ✔
❆❃❆✕➳ ✓ ➫
✙✪➯✩❄❅❄
✏
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✾❘❙➉▼❄❃➍r➎➐❋✽❊◗✑❃❙❇✽❁❅✗❚❨❭✗❉◆◗✐◗❣❭✗❉✇▲✐❚❱❉✷❂◆❚❱➀❙▼✭❇✽❁✽❊◗❥❖✷❀❡❃✐❂❄✽❊◗✑✾❁❀❡❃✪❃❙❇✽❊◗✑➓❶●❱❀✕❉◆✾❁◗❥✽❁▲❩❉❄❭✗❚❨❃✜◗❥❃✫✽❊◗❣❖✲✽❊✾❳▲✫❚❨✈✕✽❊❪❥✽❊❉❘▲✐◗✫▼❄❃✑●❱✽❊◗
✾❁❀❡❃✫▲❣✽❊◗✻❂s■❑❇✽❊❪③❚❱◗✫◗✫❚❨❭✗❉❩❚❱❉✇▲✇❇✽❁❅✕❃❙❇✽❁✽✕r❶❸❹❀✕❉◆◗①●❨✽✚✾❁❀✕◗➎❖◆❃P❇✽❊✾❁❚❛◗①❂❄✽✚❸ ☎ ✒❡➙Pr ☛ ✒⑤❝❾➙Pr ☛❙❼✲●❱❀➂❖✲❭✗◗✫❚❨▲✫❚❨❭✗❉✐❂◆❚❨▲❣✽❹❂✶■➅✽❊❉✇✈✕✽❊●❨❭✕❖◆❖✲✽
✽❊◗❣▲❬❤❀✤✾❳❭✗❉◆◗✫❚❛❂✭❇✽❁❃✫✽❁❃⑦❖✷●❛▼❄▲⑤➏❭✕▲➉✾❳❭✗❪❥❪❫✽✐▼◆❉❆✾❘❙➉▼❄❃⑦✈❙▼➺❂◆❀✕❉◆◗➉●❨✽❊◗❍❀✕▼❄▲❣❃✫✽❊◗⑦❭✕➓P④⑥✽❁▲✫◗❊❼✉●❱❀❬❖✲❭✗◗✫❚❱▲✫❚❨❭✗❉✿❂◆❚❨▲❣✽❥✾❘❙➉▼◆❃
✾❳❭✕❃✫❃✫✽❊◗✫❖✸❭✗❉✷❂◆❀✕❉❘▲❹❀✕●❨❭✕❃✪◗❥❤❀❩●❱❀✑❖❋❇✽❁❃✪❚❨❖✷❴❋❇✽❁❃✜❚❨✽➂❂◆✽❊◗❵❇✽❁▲❣❭✗❚❱●❱✽❊◗❹✽❊❉❄➊➁❭✗▼✷❚❨✽❊◗❁r✲✼✓❀❉✂◆❅✗▼❄❃✫✽ ①✑❂❄✽➂●➣■❲❀❡❃✫▲✫❚❱✾❁●❨✽➂♦✫♦✻❚❱●❱●❛▼◆◗❣▲❣❃✫✽
❂❄✽❊◗➉◗✫❖✸✽❊✾❳▲❣❃✪✽❊◗❹❃✫✽❁❖◆❃P❇✽❊◗❣✽❊❉✇▲✫❀❡▲✫❚❨➊⑩◗➉❂❄✽❫✾❳✽❊◗➉❂◆❚❨✈✕✽❁❃✜◗❣✽❊◗❹❃❙❇✽❁❅✗❚❨❭✗❉◆◗❁❼✶✽❁▲➉●❱✽➂▲✫❀❡➓❶●❨✽❊❀✕▼ ✒✐❃P❇✽❊◗✫▼◆❪❥✽➆●❱✽❊◗❹❖✷❀❡❃✪❀✕❪❬❤✽❁▲❣❃✫✽❊◗
❂❄✽➉❃✜❀✕❚❨✽❊◗①❖✲❭✗▼❄❃①✾✪❴◆❀✕✾❁▼✷❉✤❂❄✽❊◗①❭✕➓❄④⑥✽❁▲✫◗❁r
♥➥❀❡❖◆❖✲❭✕❃✫▲✇❇✽❁✽❊◗❫❀✕▼P❷➺❭✕➓❄④⑥✽❁▲✫◗❫❂◆▼❧✈✕❭✗❚❱◗✪❚❱❉◆❀❡❅✕✽❩◗❣❭✗●❱❀✕❚❨❃✫✽✕❼❻●❨✽❊◗➆❚❱❉✇▲❣✽❊❉◆◗✫❚❱▲✇❇✽❊◗❫❂◆✽✑❃✪❀✕❚❱✽❊◗❫◗❣❭✗❉❘▲➆❃✫✽❊●❛❀❡▲✫❚❨✈✕✽❊❪❫✽❊❉✇▲
➊⑩❀✕❚❨➓✷●❨✽❊◗❬◗✫❚⑦●❏■➅❭✗❉✝✾❳❭✗❉◆◗✫❚❱❂✶❤✽❁❃✪✽❿●❱❀❜❪❥❀✕◗✫◗✫✽❆❚❱❪❫❖✲❭✕❃✫▲✫❀✕❉✇▲❣✽❆❂❄✽❆✾❳✽❊◗✤✾❳❭✗❉◆❂◆✽❊❉◆◗✫❀❡▲✫❚❨❭✗❉◆◗❊r➥➐❋✽❊✾❁❚✚❖✲❭✗▼❄❃✫❃✪❀✕❚❱▲t➏✽❁▲❣❃✫✽
❀❡▲❣▲❣❃✪❚❨➓❶▼✭❇✽❥❤❀➆▼◆❉✑➊⑩❀✕❚❨➓✷●❨✽➥➊➟❀✕✾❳▲❣✽❊▼❄❃✻❂◆✽➥❃✫✽❊❪❥❖✷●❱❚❱◗✫◗✪❀❡❅✕✽✕❼❘✽❊❉✐❖✷❀❡❃✫▲✫❚❱✾❁▼✷●❱❚❨✽❁❃✭❀✕▼❩❉◆❚❱✈✕✽❊❀✕▼✐❂◆✽❊◗✭✽❊◗✫❖✶❤✽❊✾❳✽❊◗✻❀❡▲❣▲❣✽❊❉◆❂◆▼❄✽❊◗
✔
➩❘↔
♦❣♣✷➸✁ ❹➢✱✼
DF+51.47+0.00 DF+31.03+0.27
DF+30.36−0.27
30
DF+04.36−0.06
DF+09.86−0.04
DF+15.05+0.09
DF+18.56−0.15
DF+18.79−0.03
DF+25.90−0.17
DF+30.36+0.11
DF+30.23−0.20
 ❧✄✂✁☎✄ ✒❙r ☛❞➩✚✉ ❈ ✣ ☛ ✪⑩➭✆✪✆✣✷★ ✮❘➫☞☛▼★✕✳❄➯ ✗✇➫☞☛✪☛✧✣✩✴✪✠✧❄✫➫☞☛ ✥✍✏ ✖  ✧☎ ✓ ☛ ✳✵❄▼✳✵★✸➫◗✪✍✴❥➯✦✗✇➫ ✮✩✳ ✞✸➲❽➯✩★ ✗✇➯❡➲❨➯✚✙❊➭✆✪ ✛❘✳✷➫ ✓➯
✕❡♠❖✴❇✣✶✠❁➭❾➫❘★✫✳✷➫✴✞P➯✩❄✝✰✑✏✡✒➜➫✧★❶➭✆❄❣➫❍➲❱➫☞☛➉➲❨➯✕➭❏➭✆✪⑩➭✆✳❊✮✇➫☞☛ ✷❩➫❁➭ ☞✌☞ ✮❘➫❁✗✷❄
✏
➫☞☛❳➳
 ❧✄✂✁☎✄ ✒❙r ☛✕➵❧✉   ❖ ✂
✝
❳❏❑ ✟ ❈ ✣ ☛ ✪⑩➭✆✪✆✣✷★▼✮❘➫☞☛❧★✫✳◆➯✦✗✇➫✩☛✘☛✧✣✩✴✪✠❘❄❣➫✩☛ ✾❦✮❘➯✩★❏☛✭➲✄  ✪❋★✦✫❅❄❣➯✩❄ ✣✷✳❈✗❙➫ ❆✁✮❘➫❋➲✄ 
✏
➫ ✙✩✆❙➯✷★✷➭✆✪➁➲➟➲❈✣✩★✫★❶➯✦✗❙➫
✥✍✏ ✖  ✧☎ ✓ ✣✡✠☞☛❁➫❘❄✍✌
✏
➫ ✓➯ ➲✄  ✥✄✂ ☎ ✰ ✥ ☛❅✳✵❄➧➲❱➫ ✞❶➲❨➯✩★ ✗❘➯❡➲❨➯✚✙❊➭✆✪ ✛❘✳✷➫➍➳ ✖☎★ ☛ ✳ ✞✚✞❊✣ ☛❁➫ ✳✵★❂✴❵✣ ✮✘✓➫❳➲❱➫➼➭❾➫❳➲ ✛❘✳✷➫
☛
✣
✎
✕✇➳✤☞ ☛❉✞❍✙❯➫❁➭ ✞
✣
✎
✢✚✢❂✷ ☛ ✴ ☛ ✓
☛
✥
➯✩✪✍★❏☛❅✪ ✛✜✳   ✳✵★ ➯✩★✫★✲➫✫➯✩✳ ✴ ✣❡➲
✏
➫✦✙✜✳❙➲❨➯✩✪✍❄❣➫ ☛❅✪➟➭✆✳
✏
➫❿➫❘★✷➭✆❄✫➫ ☛
✁
✞✷➳✻✢☛➫❊➭
☛
✁
☞✗➳❅✕ ☛❉✞❏✙➍➳ ✝ ▲☞❚❜❙✎◗☞❑ ✟✄✂✵✳✷➫❵✮✁  ➯✩❄❳➭✆✪✻☛❳➭❾➫▼✮✩✳ ✞❶➲❨➯✩★ ✮❘➫➆➲❨➯☎✂✫✣✩✪➣➫ ✓ ➯✚✙❊➭
✏
➫⑤➫ ✥ ❄❣➫ ✞ ❄
✏
➫✩☛❁➫❘★✷➭➣➯✩★✷➭②➲❨➫✩☛ ✞ ❄❅✪❋★ ✙❘✪ ✞P➯✩✳✚★
✠✧❄❣➯ ☛✱☛ ✞ ✪✍❄❣➯✩✳✚★❘➳✁✓s➯ ✙✪➯②✮✩❄❣➫ ✆❙➯✶✙✩✆②✳✵❄
✏
➫ ✠❁➲❽➯✷★ ✙✁❄✫➫ ✞☞❄
✏
➫✩☛❁➫✧★❶➭❾➫➉➲❨➯✤✬ ✣✩★✸➫✤✮✩✳ ✮✩✪❏➯✦✗✷❄❣➯✩✴ ✴③➫ ✮❘➫✟✗❘➯✩✳✹✙✩✆❄➫✧✾♦✮✁  ➯☞✞ ❄❋✓➫✩☛
✏❶➳✇❃ ✣ ✣ ☛✜➲❱➫ ✝
✥
✓✉➫❉✙➍➭✆✳✠❄✫➫☞☛✤✣ ✫ ☎✱☛❳➭✆❄ ✣✷★ ✣✩✴ ✝
✥
✏✷➭➣➯✷❄❃☛➂➯✷★ ✮✪☛➑➭❾➫❳➲➟➲❨➯✩❄➆➫✬✌✐✣❡➲ ✳❄➭✆✪✆✣✩★
✥✝✆
◆ ✏❶➯✩★✷➭➣➯ ◆✼❄❅✳②✬ ❆✕➳
✔
➵❡➙
VHRG VHRG
VHRG
LRG
HRG
HRG
HRG
LRG
LRG
 ❧✄✂✁☎✄ ✒❙r ☛✷❣ ✉   ❖ ✂
✝
❳✾❑ ✟ ✌❡➯✩❄ ✪❏➯✕➭✆✪ ✣✩★ ✮✩✳❵❄❣➯✍✞✚✞✵✣✩❄❳➭❯✮❘➫ ❄❣➯✩✪❏➫✩☛ ✮❘➫
☛
➻
◆✗✖✻♠✁ 
✎
☛
✘ ✔
✠
 
✎
✔ ✘
➙❘q✞❄⑥➯✍✞✶✞✵✣✩❄❳➭
✏
➫
✞P➯✩❄✟✏❶➯ ☛✕➯✩✴ ✣✕➭✡✣③➫❁➭⑨➯❡➲❨➳ ✾ ✵✶✤✚✤✌☞ ❆➆➫❘★✱✫✧✣✩★ ✙❊➭✆✪ ✣✩★ ✮❘➫➥➲❽➯ ✮✩✪❅☛➑➭➣➯✷★ ✙✜➫✴✗✇➯❡➲❨➯✚✙❊➭✡✣✸❇ ✙✜➫❘★✷➭✆❄❅✪✜✛✜✳◆➫ ✥ ☛ ✳✵❄ ✳✵★
✏
➫✦✙✬✆❙➯✩★✷➭✆✪➟➲➁➲❈✣✩★
✮❘➫ ✴③➫✩☛ ✳✵❄❣➫✩☛✺☛❅✪➟➭✆✳
✏
➫✚➫✧★❶➭✆❄❣➫✖✢❂✷❘t✩r  ❀r ✡✚✷✜t✗➫❁➭❯♣ q✷♣✵r
✔
t❡➳ ✓✉➫☞☛ ✴③➫☞☛❅✳✵❄❣➫✩☛✺☛✧✣✷★✷➭✼✴❵✣ ✝✗➫❘★✫★
✏
➫⑤➫☞☛✘✞❄➯✩❄✘✞❄➯ ☛✝✮❘➫■✷✕➳✤☞
☛❉✞❏✙➍➳❯✛ ❙✄✂ ❙✖❑ ✂ ❑✳◗ ❪❭▲✕❚❲❙✖◗☎❑ ✟❧❄
✏
➫ ✞P➯✩❄❳➭✆✪➟➭✆✪ ✣✩★ ✮❘➫✩☛ ❄❣➯✍✞✚✞❊✣✩❄➑➭✂☛ ✮❘➫▼❄❣➯✩✪❏➫✩☛❉✮❘➫☞☛❵★✫✳◆➯✦✗❙➫☞☛❵✪✍★✦✫ ❄❣➯✩❄❨✣✩✳✚✗✇➫✪☛❘✣✩✴✪✠✧❄✫➫☞☛
➫✧★
☛
✔ ◆✗✖ ➫❊➭☎◆
☛✄✂
✖ ❄✫➫☞☛ ✞◆➫❉✙❊➭✆✪✂✌❡➫❘✴③➫✧★✷➭
✥
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✔
↔✕↔✕↔✗q✜r✷➐❋✽②❖✲❭✗▼❄❃✫❃✜❀✕❚❨▲➎➏✽❁▲❣❃✫✽✱●❱✽②✾❁❀✕◗✭❂◆✽➥●❱❀✚❖✲❭✗◗✫❚❱▲✫❚❨❭✗❉❫◗❣❭✗❉◆❂❋❇✽❁✽❹❂◆❀✕❉◆◗✭●❨✽ ✂✷●❱❀✕❪❥✽❊❉❘▲✹◗✫❭✗❪⑦➓◆❃✪✽➂❤❀➉❖◆❃✪❭❊❷❄❚❱❪❥❚❨▲❙❇✽➥❂◆✽
●❱❀➆◗❣❭✗▼❄❃✪✾❳✽➉✾✜❴◆❀✕▼P➌✶❀✕❉❘▲❣✽❍❂◆❀✕❉◆◗➎❸ ☎❖✈ ✒❡➙Pr ☛ ✒⑤❝❾➙Pr ☛❙r✲❸❹❀✕❉◆◗①✾❳✽❍✾❁❀✕◗❁❼◆●❱❀➂▲❣✽❊❪❫❖➎❇✽❁❃✪❀❡▲✫▼❄❃✪✽➉❪❫✽❊◗✫▼❄❃P❇✽❁✽⑦❀✕▼❄❷✐❴◆❀✕▼❄▲❣✽❊◗
❂❄✽❊❉◆◗✫❚❱▲✇❇✽➎✽❊◗❣▲❻▼◆❉❍➊⑩❀✕✾❳▲❣✽❊▼❄❃❯☛②✽❊❉❄❝❾❂❄✽❊◗✫◗❣❭✗▼◆◗❈❂❄✽➎✾❳✽❊●❱●❨✽❋✽❊◗❣▲✫❚❱❪❧❇✽❁✽①❖✷❀❡❃⑨●❨✽❋▲❣❃✪❀✕✾❳✽❊▼❄❃⑨❭✕❖◆▲✫❚❱➀❙▼❄✽❊❪❫✽❊❉✇▲⑦❇✽❁❖✷❀✕❚❱◗❁r❡➠✹❉❊✂❶❉✶❼
●❨✽❥✾❁❀✕◗➉✾❳❭✗❉✇▲❣❃✪❀✕❚❨❃✫✽③❖✸✽❊▼◆▲➂➏✽❁▲❣❃✫✽③❭✕➓✷◗❣✽❁❃✫✈✴❇✽③◗✫❚❻▼◆❉❄✽❫◗❣❭✗▼◆❃✪✾❳✽❥✾✪❴◆❀✕▼❄➌✲❀✕❉✇▲❣✽❥✽❊◗❣▲➉✽❊❉◆➊➁❭✗▼◆❚❱✽➆❀✕▼✿◗✫✽❊❚❱❉✿❪❩➏✽❊❪❫✽③❂❄✽❊◗
✾❳❭✗▼◆✾✪❴◆✽❊◗❍●❨✽❊◗➉❖✷●❱▼◆◗✚❂❄✽❊❉✷◗❣✽❊◗➉❂◆▼❆❉❙▼◆❀❡❅✕✽❊◗❁r✉✼s✽❥❅✕❃✪❀✕❂✷❚❨✽❊❉❘▲❍✾❳❃✫❭✗❚❱◗✫◗✫❀✕❉✇▲⑦❂❄✽❫▲❣✽❊❪❥❖❋❇✽❁❃✪❀❡▲✫▼❄❃✫✽✐◗❣✽❥➊⑩❀✕❚❨▲➉❂❄❭✗❉◆✾❥❂◆✽
●❏■❲❚❱❉✇▲✇❇✽❁❃✪❚❨✽❊▼❄❃❥✈✕✽❁❃✜◗③●❏■➅✽❳❷P▲✇❇✽❁❃✪❚❨✽❊▼❄❃➈♠➟❖✷❀❡❃③✽❳❷P✽❊❪❫❖✷●❨✽ ✂❋✽❁❃✫❅✗❚❛❉➼➫❁➭➂➯❡➲❨➳
✔
↔✕↔❞➩✇q✜r①✼✓✽❊◗❥❂❄✽❊▼P❷❜❖✲❭✗❚❱❉✇▲✫◗❫✾❳❭✗❉◆✾❳✽❁❃✪❉❋❇✽❊◗
❖✷❀❡❃⑦✾❳✽❁▲❣▲❣✽③❚❛❉❘▲❣✽❁❃✫❖✷❃❙❇✽❁▲✫❀❡▲✫❚❨❭✗❉ ♠➟❖✲❭✗◗✫❚❨▲✫❚❨❭✗❉✷◗✚❀✕◗✫◗❣❭P✾❁❚✜❇✽❁✽❊◗✐❤❀❬❂❄✽❊◗✚❀✕❪❥❀✕◗⑦❂✶■❑❇✽❁▲❣❭✗❚❱●❨✽❊◗⑦❂✷❀✕❉◆◗✚❸ ☎❖✈✚➙✗↔❙r ➨✷❣⑤❝❾➙Pr❲➙❡➩t✽❁▲
❸ ☎❖✈ ✒❡➙Pr ☛ ✒⑤❝❾➙Pr ☛✗q✻❖✷❃❙❇✽❊◗❣✽❊❉❘▲❣✽❊❉✇▲➥✾❳✽❁❖✲✽❊❉◆❂✷❀✕❉❘▲①❂❄✽➉●❏■❲❀✕▼◆▲❣❭❡❝❾❀❡➓✷◗❣❭✕❃✫❖◆▲✫❚❱❭✗❉❬❂◆❀✕❉◆◗①●❱❀➂❃✪❀✕❚❨✽✚❂❄✽
☛
✔ ➐✻➸❥♠ ☛
✘ ✔
q✜❼✷✾❳✽
➀✇▼✷❚✶❖✲❭✗▼❄❃✫❃✪❀✕❚❨▲➎●➑❇✽❁❅P❤✽❁❃✫✽❊❪❫✽❊❉✇▲➥❃P❇✽❊✾❳❭✗❉✷✾❁❚❱●❱❚❨✽❁❃②●❱✽❊◗①▲❣✽❊❪❫❖➎❇✽❁❃✪❀❡▲✫▼❄❃✪✽❊◗②❭✕➓◆▲❣✽❊❉❙▼❄✽❊◗①❖❶❀❡❃②●❨✽❊◗✻❂❄✽❊▼❄❷✐▲❣❃✪❀✕✾❳✽❊▼◆❃✪◗❁r
✝ ❑▼❱❏■☎❙✖◗❭❩❑▼■
❸✱✽①❪❩➏✽❊❪❫✽✻➀❙▼❄✽✭❖✲❭✗▼❄❃❻●❨✽❊◗❈▲❣✽❊❪❫❖➎❇✽❁❃✜❀❡▲✫▼❄❃✫✽❊◗❁❼✗●❨✽❊◗⑨❂❄✽❊❉✷◗✫❚❨▲✇❇✽❊◗❻❪❫✽❊◗✫▼❄❃P❇✽❁✽❊◗❻❂✷❀✕❉◆◗⑨●❨✽❊◗⑨❉✇▼◆❀❡❅✕✽❊◗❻❪❥❭✗●✜❇✽❊✾❁▼◆●❱❀✕❚❨❃✫✽❊◗
❖✲✽❊▼❄✈✕✽❊❉❘▲❫❂❋❇✽❁❖✲✽❊❉◆❂❄❃✪✽ ❇✽❊❉❄❭✕❃✜❪➺❇✽❊❪❫✽❊❉❘▲✑❂❄✽❊◗➂▲❣❃✪❀✕✾❳✽❊▼❄❃✪◗❫▼❄▲✫❚❛●❱❚❱◗❙❇✽❊◗❁r⑨❸➂■❲▼◆❉❄✽❩❖✷❀❡❃✫▲❁❼❻●❨✽❊◗➆❂◆❚❽➌②❇✽❁❃✫✽❊❉✇▲❣✽❊◗❥❂❄✽❊❉◆◗✫❚❱▲✇❇✽❊◗
✾❳❃✪❚❨▲✫❚❱➀❙▼❄✽❊◗➆❚❱❪❫❖❶●❱❚❱➀❙▼❄✽❊❉❘▲➂▼◆❉❄✽❩▲✫❴❄✽❁❃✪❪③❀✕●❱❚❱◗✫❀❡▲✫❚❨❭✗❉❯❂◆❀✕❉✷◗➂❂◆✽❊◗❫✾❳❭✗▼◆✾✪❴❄✽❊◗✑❂❄✽❩❖◆❃✫❭✕➊➟❭✗❉◆❂❄✽❊▼❄❃✜◗➂❂✷❚❨✈✕✽❁❃✪◗❣✽❊◗➆◗❣✽❊●❨❭✗❉
✔
➵✕➨
n(H  )=5.10  cm   ,2
-34 N(HC  N)=2.10   cm   -2123 n(H  )=5.10  cm   ,2
-35 N(HC  N)=2.10   cm   -2123
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 ❧✄✂✁☎✄ ✒❙r ✒
✔
✉ ❈✞❄
✏
➫ ✮✩✪ ✙❊➭✆✪ ✣✩★✚✮❘➫✩☛ ✪✍★✷➭❾➫✧★❏☛❅✪➟➭
✏
➫✩☛✝✮❘➫✇❄⑥➯✷✪❏➫❡✮❘➫ ✢❉◆
✔
❆ ✞P➯✩❄✝✳✵★ ✴ ✣✜✮ ✓➫❁➲❨➫ ✓ ✂   ✥ ✞✵✣✩✳✵❄✁✮❘➫✧✳✚★ ✙✪➯ ☛
✮❘➫ ✮❘➫❘★❏☛ ✪⑩➭
✏
➫ ✾✭✌✏✎
✣
✁
☞✘✵✶✷
☛
➫❁➭✗☞ ✵✡✷
✌
✙❘✴ ✓✕✔ ❄✫➫☞☛❁✞❄➫❉✙➍➭✆✪❅✌✕➫✧✴③➫✧★❶➭ ❆ ✥ ➫❁➭✝☎ ✾✍✢❉◆
✔
❆ ❆
✁
✢✣✵✶✷
☛
➻
✙❘✴ ✓
➻
➳
●❨✽✑▲❣❃✪❀✕✾❳✽❊▼❄❃❊r❈❸❍■❲❀✕▼◆▲❣❃✫✽③❖✷❀❡❃✪▲❁❼✉●❨✽❥➊➟❭✕❃✫▲⑦❪❥❭✗❪❫✽❊❉❘▲➂❂◆❚❨❖✲❭✗●❱❀✕❚❨❃✪✽➆❂◆✽③✾❳✽❁❃✫▲✫❀✕❚❱❉❄✽❊◗➂❪❫❭✗●➑❇✽❊✾❁▼◆●❱✽❊◗❍❉✶■❲❀✕▼◆▲❣❭✕❃✪❚❱◗❣✽③●❱✽❊▼❄❃
✽❳❷❄✾❁❚❨▲✫❀❡▲✫❚❨❭✗❉✤➀❙▼❄✽➉❂◆❀✕❉✷◗①●❨✽❊◗➎❃❙❇✽❁❅✗❚❨❭✗❉◆◗➥❂❄✽✚❖✷●❱▼◆◗➎❴◆❀✕▼◆▲❣✽❊◗✻❂❄✽❊❉◆◗✫❚❱▲✇❇✽❊◗❊r◆✼✓❀❫❂❋❇✽❁▲❣✽❁❃✪❪❥❚❛❉◆❀❡▲✫❚❨❭✗❉❵❂❄✽❊◗②❂❄✽❊❉◆◗✫❚❨▲❙❇✽❊◗①✽❊◗✫▲
❂❄✽❫❖✷●❛▼◆◗❹❃✫✽❊❉◆❂◆▼◆✽➆✾❳❭✗❪❥❖✷●❨✽❳❷P✽❫❖✷❀❡❃➉●❱❀❬❉◆❀❡▲✫▼❄❃✪✽❫➊➁❃✪❀❡❅✗❪❥✽❊❉❘▲❙❇✽❁✽❩❂❄✽❊◗✚❉✇▼✷❀❡❅✕✽❊◗⑦❪❫❭✗●➑❇✽❊✾❁▼◆●❛❀✕❚❨❃✫✽❊◗✚✽❁▲⑦●❱✽❊◗❹➊➟❀✕❚❨➓❶●❨✽❊◗
➊⑩❀✕✾❳▲❣✽❊▼❄❃✪◗⑦❂◆✽❫❃✫✽❊❪❫❖✷●❱❚❛◗✫◗✫❀❡❅✕✽➆❭✕➓✷◗❣✽❁❃✫✈✴❇✽❊◗⑦❂◆❀✕❉✷◗✚●❨✽❊◗✚⑧❁❭✗❉❄✽❊◗➉●❱✽❊◗✚❖✷●❱▼◆◗❹❂❄✽❊❉✷◗❣✽❊◗③♠⑩✼✓❀✕❂✷❀❿➫❁➭➥➯✕➲❽➳
✔
↔✕↔❲①✕q✜r✉❸❹❀✕❉◆◗
▲❣❭✗▼◆◗❻●❨✽❊◗⑨✾❁❀✕◗❁❼✕●❱❀➥❖◆❃✫❭✕➊➟❭✗❉◆❂❄✽❊▼◆❃❈❂❄✽➎●❱❀✱❃P❇✽❁❅✗❚❨❭✗❉❫◗❣❭✗❉✷❂✭❇✽❁✽❋✽❊◗✫▲⑨●❛❚❱❪❥❚❨▲❙❇✽❁✽❋❖✷❀❡❃❻●❏■❑❇✽❁❖✷❀✕❚❱◗✫◗❣✽❊▼◆❃❈❭✕❖✷▲✫❚❱➀✇▼◆✽❋❂❄✽➎●❏■➅✽❊◗❣❖s❤✽❊✾❳✽
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✔
↔✕↔❡➙P❼
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1. PRINCIPLE OF THE CELL OPTICAL SYSTEM  
 
The optical system is a quasi Offner, allowing an overall 1:1 optical relay. It consists 
of two flat folding mirrors feeding the Offner relay hosted inside the glass cell. The optical 
components are described in detail in section 4. 
 
2. ASSUMPTIONS 
 
The system is fed by a Gaussian beam of waist w0 7.50 mm at 650 µm wavelength. In 
the following, we consider that all optical parts must respect the 4w spillover criterion, 
corresponding to a –34 dB truncature. The working spectral band is 150-650 µm (15-67.7  
cm
-1 
). We locate the input waist in the plane of the connecting flange (see mechanical 
drawings). 
The optical components are assumed to be achromatic. The mirror reflexivity is taken 
to be 1. 
3. CHOICE OF THE WINDOWS 
 
We have considered two window materials: Mylar and Polyethylene. 
 
3.1  Mylar window 
 
A thin Mylar film (23-100 µm) can be used, as is commonly done for micro-wave 
detector dewars. We have assumed an index of 1.8. The transmittance of a 50 µm Mylar film 
is given in Fig. 1 as a function of wavenumber and is found to vary between 71% and 100%. 
In order to avoid significant standing waves in the system, the windows need to be tilted. The 
window transmittance as a function of this tilt angle is given in Fig. 2 and shows that angles 
up to 10 deg. can be used without significant effects.  
 
3.2 Polyethylene window 
 
The properties of a polyethylene window 2 mm thick are presented in Fig. 3 and 4. 
(the assumed index is 1.54). Due to the higher thickness, the fringes pattern intrinsic to the 
window has a higher frequency and becomes a problem in a double side-band system of 16 
GHz bandwidth separation. 
  
The relation between fringe frequency, window thickness e (cm) and index n is given 
by: 
 
d sigma (cm
-1
) = 1/(2*n*e) 
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Fig.1: Mylar transmittance as a function of wavenumber for 3 window thicknesses. 
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Fig.2: Mylar transmittance as a function of window tilt angle for 3 wavelengths. 
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Fig.3: Polyethylene transmittance as a function of the wavenumber for a 2 mm thick 
window. 
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 Fig.4: Polyethylene transmittance as a function of window tilt angle for 3 wavelengths. 
 
4. CELL OPTICS 
 
The optical system was optimised for the Mylar windows. This is the baseline 
configuration. The consequences of using a polyethylene window instead are given below. 
Fig. 5 shows the basic optical configuration. 
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 
 Fig.5: Optical layout of the beam paths. 
 
 
4-1 Optical characteristics:  
 
Opening :   F/9 
Magnification :  -1 
Stop diameter :  27.6 mm 
Pupil dimension:    infinity 
Pupil position:  infinity 
 
4-2  Optical performances: 
 
The optical quality is limited by the diffraction. The wavefront error is found to be 
below 6 µm in any case. It falls below 3µm if Mylar windows are used.  
 
4-3 Mirror spécifications 
4-3-1 Mirror M1 
 Material:    BK7 or Pyrex 
 Shape :   Spherical 
Dimension :    130x62 mm2 
Thickness:   28-30 mm 
Radius of curvature:    -500 mm ±1% ✮✬✩
✣
Surface accuracy (P-V) :  lambda/4 (lambda = 0.6328 µm)  
Surface rms :    20 Å 
Coating:     Gold  
Number:    1 
4-3-2 Mirror M2 
 Material:    BK7 or Pyrex 
 Shape :   Spherical 
Diameter:    28 mm 
Thickness:   6 mm 
Curvature radius :    -323 mm ±1% 
Surface accuracy (P-V) : lambda/4 (lambda = 0.6328 µm)  
Surface rms:   20 Å 
Coating:   Gold 
Number:   1 
4-3-3 Folding Mirrors P1-P2 
Material:    BK7 or Pyrex 
 Shape:    Flat mirror 
Dimension :    44x32 mm2 
Thickness:   8 mm 
Surface accuracy (P-V): lambda/4 (lambda = 0.6328 µm)  
Surface rms  :  20 Å 
Coating:   Gold 
Number:   2 
 
4-3-4 Mylar window 
Material:    Mylar 
 Shape:    Flat 
Diameter:    36 mm 
Thickness:   50 µm 
Surface accuracy (P-V) : lambda/4 (lambda = 0.6328 µm)  
Surface rms  :  20 Å 
Number:   2 
 
4-3-5 Polyethylene window 
Material:    Polyéthylène 
Shape:    Flat 
Diameter:    36 mm 
Thickness:   50 µm 
Surface accuracy (P-V): lambda/4 (lambda = 0.6328 µm)  
Surface rms:   20 Å 
Number:   2 
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5. TOLERANCE ANALYSIS 
 
We assume the following tolerance specifications for the input and output beams, 
which are those given by the consortium: 
 
±0.05° on tilt angle 
±3 mm for the axial waist position 
±0.1 mm in the lateral displacement w.r.t. optical axis  
±1% uncertainty on mirror radius of curvature after realisation 
 
An extensive tolerance analysis shows that the cell optical system is not highly 
sensitive to mismatches within the above specified ranges. Our output beam fulfils 
these requirements. The maximum wavefront error is estimated to be 6 µm, 
corresponding to lambda/25 at 150 µm.  
 
We show below the waist displacement with respect to the plane defined by the output 
flange, along the optical axis, when various polyethylene windows are used instead of 
the Mylar one. The optical system is assumed to be optimised for the Mylar window. 
If required, Polyethylene windows of 1mm would be chosen. 
 
 
PolyEthylene 1 mm -0.11 mm 
 2 mm 4.44 mm  
 3 mm  5.74  mm 
Mylar 50µm 0 mm 
 
  
6. STRAYLIGHT ANALYSIS 
 
Fig. 6 shows the main straylight paths for windows with an 8 deg tilt. A detailed 
analysis shows that such a tilt reduces the straylight contamination down to a 0.2% 
level. An absorber located in between the two flat mirrors will absorb the light 
reflected on the windows. 
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❖✕❯✫❦➆➈➡❪✕❯❭❉③❪➃❪✕❯✫❑✆s✤❑❳❖✕❪➂❧♥❉③⑧Ü❖✕●◗②◆❑❳❖➂❉③❘✵❑t❚❶❦♠❤❭❤❭❑❳❚❶❪✸❑❳❍✿❪✸❦①s✳❦❬❪✕❯➤❪✕❯✫❑t❲■❉③❘✕✐❬❑◆❘➃s✤❑❳❉❬❧ ✇★①➃❉❬❤❭❍➤❪✕❯✫❑❿❖✸❦♠❩✫❘❱❚❶❑
❖✕●◗②◆❑❳❖◆⑦
➨
❤❷⑧❭❘❱❉❬❚❶❪✕●■❚❶❑✦❪✕❯❭❑◆❘✕❑✟❖✕❑◆❑❳❧ ❪✸❦✴s✳❑✦❤❭❦➃❉③⑧❭⑧❹❉③❘✕❑❳❤❸❪✺❘✵❩❭❲■❑✙❪✸❦✓❉③⑧❭⑧⑨❲◗▼✓●◗♣✄❦♠❤❭❲■▼✓❘✕❑❳❖✸❪✸❘✵●■❚❶❪✸❑❳❍t●■❤✫♣④❦❬❘✵❧♥❉③❪✕●■❦♠❤
●■❖✹❉❳❋③❉❬●■❲■❉③s❹❲◗❑❊❦♠❤❿❪✕❯✫❑⑥❲■●■❤✫❑❳❖✺⑧❭❘✵❦❬s✤❑❳❍❿●■❤t❪✕❯✫❑❵❪✕❉③❘✵✐❬❑◆❪◆⑦✍✌▲●■❧❷●◗❪✕●■❤✫✐✴❪✕❯✫❑⑥❤⑩❩⑨❧➂s✳❑◆❘➇❦❬♣✑❪✸❑❳❧♥⑧⑨❲■❉③❪✸❑⑥❲◗❑◆❋❬❑❳❲■❖➇❪✸❦
á
❉❬❤❭❍✆Ý✡❙⑩➈r❑❂➩⑨❤❭❍✓❪✕❯❭❉③❪r❧♥❉③⑧⑨❖✎❦❬♣✄❖✕●■②◆❑✙❪➅➈❂●❼❚❶❑❂❪✕❯✫❑✙➢❬❑◆❘❱❤✫❑❳❲
❜✟❰✁Ï✺Ð
❲◗❑❳❉❬❍♥❪✸❦➃❤✫❑◆✐♠❲■●◗✐♠●■s⑨❲◗❑➇❑◆❘✕❘✕❦❬❘✵❖✎➈⑥⑦ ❘❳⑦ ❪◆⑦❸❪✕❯❭❑
❦❬⑧❭❪✕●■❧♥❉❬❲✳❚◆❉❬❖✸❑
➟
❤❭❦❬❪✸❑⑥●■❤❭❍✫❑◆❑❳❍✆❪✕❯❭❉③❪➇❑◆❋❬❑❳❤✇➈❂●◗❪✕❯✆❦❬⑧❭❪✕●■❧❷❉❬❲✤❖✵●◗②◆❑❳❖➇❪✕❯✫❑❵❉❬❲◗✐❬❦❬❘✵●◗❪✕❯⑨❧➡❍✫❦✡❑❳❖✹❤✫❦❬❪✹❤✫❑❳❚❶❑❳❖✕❖✵❉③❘✵●■❲◗▼
❚❶❦♠❤❸❋❬❑◆❘✵✐❬❑❂❪✸❦➂❉❊⑧✳❑◆❘✕♣④❑❳❚❶❪✗❘✕❑❳❚❶❦♠❤❭❖✸❪✸❘❱❩❭❚❶❪✕●◗❦♠❤✄❙❬❖✸❑◆❑❂❖✕❑❳❚❶❪✕●◗❦♠❤✓✃✺➠✷❉❬❖✎❲■❦♠❤✫✐⑥❉❬❖ ✇④③r●■❖✗❤❭❦❬❪✗❪➅➈✺❦➂❖✕❧♥❉❬❲■❲
➟
❪❮▼⑩⑧❹●■❚◆❉❬❲■❲◗▼
❉♥❪✕❯❭●■❘✵❍✇❦❬♣✫✇
①
➠✙❚❶❦♠❧✓⑧⑨❉③❘✕❑❳❍✌❪✸❦❷❪✕❯✫❑✴❘✕❑◆♣➜❑◆❘✵❑❳❤❭❚❶❑⑥s✳❑❳❉❬❧ ✇
①
⑦❹✃✎❋❬❑❳❤❀●■❤✇❪✕❯❭❉③❪✟❲■❉③❪✸❪✸❑◆❘❊❚◆❉❬❖✸❑➂❪✕❯✫❑➃❉❬❍❭❍❭●◗❪✕●■❦♠❤❭❉❬❲
❑◆❘✕❘✕❦❬❘❊❍✫❦✡❑❳❖✦❤✫❦❬❪✟❑❶➧✫❚❶❑◆❑❳❍ ★ ✦✏✎ ●■❤✌❉❬❤⑩▼✛❦❬♣✗❪✕❯✫❑➃❖✸▼✡❤⑩❪✕❯✫❑◆❪✕●■❚➃❖✸❦♠❩✫❘❱❚❶❑❳❖◆⑦
Ð
❑✓❚❶❦♠❤❭❚◆❲■❩⑨❍✫❑⑥❪✕❯❭❉③❪❊❉✆❚❶❦➆❋❬❑◆❘✵❉③✐❬❑
❦❬♣✗❪✸❦❬❪✕❉❬❲▲❑❶➧P❪✸❑❳❤⑩❪
á
Þ❘✇
⑤
●■❖✙❉❷✐❬❦⑩❦P❍✌❚❶❦♠❧✓⑧⑨❘✕❦♠❧♥●■❖✸❑❵s✳❑◆❪❮➈r❑◆❑❳❤①●■❤✫♣④❦❬❘✵❧♥❉③❪✕●◗❦♠❤✇❲■❦♠❖✕❖✸❑❳❖❂❉❬❤⑨❍✛❖✕●■❧✓⑧❹❲■●■❚◆●◗❪❮▼❷❦❬♣
❉③⑧❭⑧⑨❲■●❼❚◆❉③❪✕●◗❦♠❤✄⑦
Ó
×✎➪♠Ö➅➚✒✑r➚ Õ③➽✎Ú✳×✹➾➄➶✔✓❵➪♠➽✎➾Ñ➪❬➾⑨➚❺×rØ➅Ú✤➪③➾✖✕
☛✟❑◆⑧✳❑❳❤❭❍❭●■❤❭✐♥❦♠❤①❪✕❯✫❑➃❤✡❩❭❧✴s✳❑◆❘✦❦❬♣✁❲■❑◆❋❬❑❳❲■❖✟❘✕❑❳❻⑩❩⑨●◗❘✕❑❳❍✄❙❭❦♠❤❭❑✰❚◆❉❬❤①⑧❭❘✵❦❁❋❬❑✰❪✕❯❭❉③❪❊❪✕❯✫❑❳●◗❘❊●■❖✟❉❬❤❀❦❬⑧⑨❪✕●■❧✴❩⑨❧
❚❶❦♠❧➂s❹●■❤❭❉③❪✕●◗❦♠❤Ñ❦❬♣❂❲◗❑◆❋❬❑❳❲➇❖✕●■②◆❑❳❖✴❉❬❤❭❍Ü❯✫❑❳●■✐♠❯❸❪✕❖
➟
●➴⑦ ❑❬⑦❈➈r❑❳●■✐♠❯❸❪✕❖❱➠⑥❪✕❯❭❉③❪✰➈✺❦♠❩❭❲■❍♦⑧❭❘✕❦❁❋P●■❍✫❑✆❪✕❯✫❑ts✤❑❳❖✕❪➂➩❭❪✸❪✸❑❳❍P➬
❪✸❑❳❧✓⑧⑨❲■❉③❪✸❑⑥❖✵❯❭❉③⑧✳❑✦❪✸❦✓❪✕❯✫❑ ♣❵❉❬❩❭❖✕❖✕●■❉❬❤t➢❬❑◆❘✵❤❭❑❳❲➴⑦✗✌❆❑❳❤✫✐❬❪✕❯❭❖✹❚◆❉❬❤✛s✤❑✟❑❶➧P⑧❭❘✕❑❳❖✕❖✸❑❳❍✇❉❬❖➇♣④❘✵❉❬❚❶❪✕●◗❦♠❤⑨❖➇❦❬♣✑❪✕❯✫❑❊❪✸❦❬❪✕❉❬❲
❧♥❉③⑧❀❖✵●◗②◆❑❬❙❭❚❶❦❬❘✕❘✕❑❳❖✸⑧✳❦♠❤❭❍⑨●■❤✫✐➃❪✸❦♥❪✕❯✫❑➂❲◗❑❳❤❭✐❬❪✕❯✇❦❬♣✑❪✕❯❭❑➂❲■❉③❘✕✐❬❑❳❖✸❪✦❲◗❑◆❋❬❑❳❲➴⑦
➫❊❤❭❑✰❚◆❉❬❤➤❪✕❯❭●■❤✫➢✛❦❬♣
á
➈✺❉❁▼✡❖➂❪✸❦✛❚◆❉❬❲■❚◆❩❭❲■❉③❪✸❑✓❪✕❯❭❑♥❯✫❑❳●◗✐♠❯⑩❪✕❖❊❦❬♣✁❑❳❉❬❚✵❯♦❲◗❑◆❋❬❑❳❲■❖◆⑦❆❏❂❯✫❑✰➩❭❘✵❖✸❪✟❦♠❤✫❑
➟
❚◆❉❬❲■❲◗❑❳❍
✘
❑◆❪✕❯❭❦✡❍✘★❵●❼❤❿❪✕❉③s⑨❲◗❑❵✃✙⑦
á
➠➇❚❶❦♠❤⑨❖✕●■❖✸❪✕❖✹●■❤✇❉❬❖✵❖✕●◗✐♠❤❭●■❤❭✐✴❪✸❦✓❑❳❉❬❚❱❯✌❲◗❑◆❋❬❑❳❲✄❪✕❯❭❑⑥❯✫❑❳●◗✐♠❯⑩❪➇❚❶❦❬❘✵❘✕❑❳❖✸⑧✳❦♠❤❭❍❭●■❤❭✐✴❪✸❦♥❪✕❯❭❑
♣❊❉❬❩❭❖✕❖✵●■❉❬❤✓❋③❉❬❲■❩✫❑✙❉③❪✎❪✕❯❭●❼❖✗❍❭●■❖✸❪✕❉❬❤❭❚❶❑❂♣➜❘✕❦♠❧ ❪✕❯✫❑✙❚❶❑❳❤❸❪✸❘✵❦♠●■❍
➟
❖✸❑◆❑✟❲◗❑◆♣➜❪✗⑧❹❉❬❤✫❑❳❲P❦❬♣✄❞✷●■✐✫⑦❸✃✙⑦
á
➠❱⑦✚✙✦❦❁➈➂❙❸❦♠❤✫❑✙❚◆❉❬❤
á
✦
Û
✠☛✡✌☞✎✍
✃✙⑦ Ý
✔
✞
➭✸✣✥❩✽❆❬✏✓✒✽✧◆✔✽✚✾✒▼✻✗✖➓✖❱✒✗❩✽❆❬✏●✣✺✖❱✒❽✔▼❃✰✪❬✱❉✖✘✖❪✧✥✪
❒
✔✵✧✥✜ ✻✵✒✵✴✥✒✗✜◆✣✥✏❭✪❇❃✰❩✁✚✾✒✵✜✾✻✮✧✭✔❂✏✓✒✗✴✺✒✗✏✼✻✗❈✁ ❛✻❤✒✾➭▼❆❬✏●✣ ✖✌✪❖✒✢✦
✖✌✪✬✖✌✯❭✒❴✖❱✒✢➭★✖ ✟
❒
✯✰✣④✻❴✚✾✒✳✒✗✪✬✪❬✧✥✜▼❩♥✣✥✏ ✖✿✻✵✒✾✦❘✖✙✧♦✖✌✯✰✒❅❁❂✣✥❃❄✻✳✻ ✖❪✣✥✪❑❩♥✣❉➭✤✖✌❩❀❃❄❩♥❈✄✂❡❃❄✜▼✴✥✒✗✻ ✱✵✏●✧④✻✵✒❴✖✙✧❅✖✌✯❭✒✆☎④❚➁✏✓✒✗✴✺✒✗✏
✜✢✒➁❆❬✜✢✒▼✻❉✒✗✪❙✖✹✖✌✯✰✒♥✏●✒✾✣④✻▼✖ ✻✞✝✵❃❇✣✥✜✢✒✁✜◆✒✗✻ ✖❪✦✥❃❇✣✥✏s✻❘❜❱❩❴❃✰✏❢✖✘✖➈❆❖✏ ✖✙✒✢✦✬✚✗❏ ✆✟☎❛✔✗✧✺✜❵✦✤✖❨✻❱❆❬✏❢✣✺❏❵❆❬❃✰✜❱❆✰✧④✻✵✒
❞
✚✾✒✵✖✕✩✎✒✳✒✗✪
❒
✣✥✪❬✦
✖✌✯✰✒❳✤★✒✗✜▼✪❖✒✗✏●❈
á
✦✧✦
 ✁ ✄✂✆☎✄✝✟✞✁ ✡✠✂ 
❻❽❼④❾☛❿✺❸➁➀➧➂✳➄ ❷✸❸✭➑⑥➋✳➍✙➌④➉✛➔✷➆s➉✕➍❪➀✙➆➈❿⑥❼⑥➍✙➆➈➂▼➑✮➄❢➂✳➀❽❾❂➆➈➑④➆➈❾☛❼⑥❾ ➑⑥➂▼➆➈➉❪❸ ❸✐➀❪➀✙➂✳➀
❺➈❸✭❹▼❸✭❺➈➉  ✹❸✐➍✙➌④➂❉➔ ↔ ✁✄✂✆☎
✝✟✞
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❑❳❻✡❩❭●◗❋③❉❬❲◗❑❳❤❸❪✙●❼❤❸❪✸❑◆✐❬❘✵❉③❪✕●■❦♠❤❿❪✕●■❧✓❑❵❦♠❤✇❪✕❯✫❑❵❖✸❦♠❩❭❘✵❚❶❑❵❪✸❦♥❘✕❑❳❉❬❚❱❯✇❪✕❯✫❑❵❘✕❑❳❻✡❩❭●◗❘✕❑❳❍❿❤✫❦♠●❼❖✸❑❵❘✵❧♥❖◆⑦✫❏✙❯❭❑
➟
✇➜①◆❙➈✇⑥③ ❙✶✵✸✷✿■✺✹✸➠
❪✸❘✵●◗⑧❹❲◗❑◆❪✎❉❬❲■❲◗❦➆➈❂❖✗❪✸❦✴❍❭❑◆➩⑨❤✫❑✹❪✕❯✫❑✙❘✵❑❳❚❶❦♠❤❸❋❬❦♠❲■❩❭❪✕●◗❦♠❤♥➢❬❑◆❘✵❤❭❑❳❲
❜✟❰✁Ï✺Ð
⑦
Ð
●■❪✕❯❷❉❵❪✸❦❬❪✕❉❬❲✤❧♥❉③⑧♥❑❶➧P❪✸❑❳❤❸❪✺❦❬♣
á
Þ❳✇⑥⑤
➟
❖✸❑◆❑✬✃✺➠❱❙✺➈✺❑①❩❭❖✕❑✌❪✕❯✫❑
✣❍❆❬✜ ✖✕✧✥✜ ✖
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á
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✇④③
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á
⑦
➫✟s✡❋✡●◗❦♠❩⑨❖✕❲◗▼❬❙✤❦♠❤✫❑♥❚◆❉❬❤➤❉❬❲◗❘✕❑❳❉❬❍❭▼❀❖✸❑◆❑✓❪✕❯❭❉③❪⑥❖✵❩❭❚✵❯✬❉❿❪✸❑❳❚❱❯❭❤❭●■❻✡❩✫❑✰➈❂●■❲■❲✷❯❭❉❁❋❬❑♥❲■●◗❪✸❪✕❲◗❑✰●■❤⑩❪✸❑◆❘✕❑❳❖✸❪⑥●■❤✈❚◆❉❬❖✸❑♥❪✕❯❭❑
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Ö➮➪♠➽✁➚
➨
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❏✑❉③s❹❲◗❑❵✃✙⑦
á
❖✕❯✫❦➆➈❂❖✹❯✫❦❁➈✺❑◆❋❬❑◆❘✙❪✕❯❭❉③❪✹❤✫❦✓❖✕●■✐♠❤❭●◗➩⑨❚◆❉❬❤⑩❪✁✐♠❉❬●■❤✇●❼❖r❉❬❚❱❯❭●◗❑◆❋❬❑❳❍✇➈❂●■❪✕❯✆❧✓❦❬❘✵❑❊❲■❑◆❋❬❑❳❲■❖◆⑦
➨
❤t❦❬❘✵❍❭❑◆❘✺❪✸❦
❚❶❦♠❧✓⑧⑨❉③❘✕❑❂❪✕❯✫❑✹⑧✳❑◆❘✕♣➜❦❬❘❱❧♥❉❬❤❭❚❶❑✹❦❬♣✤❑❳●◗❪✕❯✫❑◆❘
á
❦❬❘rÝ⑥❲◗❑◆❋❬❑❳❲■❖
➟
➈❂❯⑨●■❚✵❯✓●■❤✰❪✕❯❭❑◆❦❬❘✕▼➃❍⑨●➁➀✤❑◆❘✗s✡▼➃❦♠❤❭❲◗▼✴❖✕❦♠❧✓❑ ✎✮❲◗❦♠❖✕❖
●■❤
á
➬☞☛⑥➠r➈r❑⑥❯⑨❉❳❋❬❑➂❖✕●❼❧✴❩❭❲❼❉③❪✸❑❳❍✆❪✕❯❭❑❵❘✕❑❳❚❶❦♠❤❭❖✸❪✸❘✵❩⑨❚❶❪✕●◗❦♠❤t❦❬♣✑❪✕❯✫❑⑥❖✵●◗✐♠❤❭❉❬❲✤❦♠❤✇❉✓❖✸❑◆❘✵●◗❑❳❖✺❦❬♣❈❧✓❦P❍✫❑❳❲✳❖✸❦♠❩✫❘✵❚❶❑❳❖✹❉❬❖
●■❤⑩❪✸❘✕❦✡❍⑨❩❭❚❶❑❳❍✈●■❤❀✃❂⑦✄❏✙❯❭●■❖✟❉❬❲■❖✸❦✇❉❬❲■❲◗❦➆➈❂❖✟❪✸❦✛❚✵❯✫❑❳❚✵➢❀❦♠❩❭❘❵❘✕❑❳❚❶❦♠❤❭❖✸❪✸❘✵❩⑨❚❶❪✕●◗❦♠❤✈❉❬❲◗✐❬❦❬❘✵●◗❪✕❯❭❧❘q❹❑❳❉❬❚❱❯➤❖✕❩✫s⑨❧❷❉③⑧✈●❼❖
❘✕❑❳❚❶❦♠❤⑩❋❬❦♠❲◗❋❬❑❳❍✈❪✸❦❿❪✕❯✫❑➂❘✕❑◆♣④❑◆❘✕❑❳❤❭❚❶❑➃s✳❑❳❉❬❧
➟
❦♠❤❭❑➃❚◆❉❬❤✈❖✕❯✫❦➆➈➺❪✕❯❭❉③❪✦❪✕❯❭❑➂➢❬❑◆❘✵❤✫❑❳❲✷s✳❑❳❉❬❧➳●■❖❂❉❬❲◗➈➇❉❳▼P❖❊❖✕❧♥❉❬❲■❲■❑◆❘
❪✕❯❭❉❬❤♥❪✕❯❭❑❂❖✕❧♥❉❬❲■❲■❑❳❖✸❪✎❚❶❦❁❋❬❑◆❘✵❉③✐❬❑❵●◗♣✤❦♠❤✫❑❂❯⑨❉❬❖✎❲◗❑❳❖✕❖✗❪✕❯⑨❉❬❤
Û
❲◗❑◆❋❬❑❳❲❼❖❱➠❱❙❸●◗❪✕❖✗⑧❹●➁➧✡❑❳❲❼❖✗❉③❘✕❑❂❉❳❋❬❑◆❘❱❉③✐❬❑❳❍t❉❬❤⑨❍♥❑❳❉❬❚✵❯✆❦❬♣
❪✕❯✫❑❂❖✕❩❭s✫➬➅❧✓❑❳❉❬❖✕❩✫❘✵❑❳❧✓❑❳❤❸❪✕❖✁❉③❘✕❑✦❚❶❦♠❧✴s⑨●■❤✫❑❳❍✰➈✦●◗❪✕❯♥●◗❪✕❖✎❉❬❍❭❑❳❻⑩❩❭❉③❪✸❑❂➈r❑❳●◗✐♠❯⑩❪◆⑦⑩❏❂❯❭●■❖❈❘✕❑❳❚❶❦♠❤❭❖✕❪✸❘✵❩❭❚❶❪✕●◗❦♠❤♥❖✵❚✵❯✫❑❳❧✓❑
❯❭❉❬❖✙❪✕❯❭❑✴❤❭●■❚❶❑⑥❚❶❦♠❤⑨❖✸❑❳❻⑩❩❭❑❳❤❭❚❶❑➂❪✕❯❭❉③❪✦⑧⑨●➁➧P❑❳❲■❖✹●■❤✛❍⑨●➁➀✤❑◆❘✵❑❳❤❸❪✙❖✕❩❭s⑨❧♥❉③⑧⑨❖✙❍❭❦❷❤✫❦❬❪❂❤✫❑◆❑❳❍✌❪✸❦✆❯❭❉❁❋❬❑✴❚❶❦♠●■❤⑨❚◆●■❍✫❑❳❤⑩❪
⑧✳❦♠❖✕●◗❪✕●◗❦♠❤❭❖✦●■❤✛❪✕❯❭❑✴❖✸➢✡▼
➟
➈❂❯❭●■❚❱❯❀❚◆❉❬❤❀s✳❑➂⑧❭❘✵❦❁❋❬❑❳❍①❩❭❖✕●■❤✫✐❷❪✕❯✫❑✴s❹❉❬❖✕●■❚❵⑧❭❘✵❦❬⑧✤❑◆❘✵❪✕●◗❑❳❖✙❦❬♣✎❪✕❯❭❑✴❚❶❦♠❤⑩❋❬❦♠❲■❩✫❪✕●◗❦♠❤❹➠❱⑦
❏✙❯❭●■❖✗❉❬❲■✐❬❦❬❘✵●◗❪✕❯❭❧ ❍❭❦⑩❑❳❖✎❤❭❦❬❪✁❉③⑧❭⑧⑨❲◗▼✴❪✸❦⑥❪✕❯✫❑❂❚◆❉❬❖✕❑❂➈❂❯✫❑◆❘✵❑✹❪✕❯✫❑✙❯❭●◗✐♠❯✫❑❳❖✕❪✎❲◗❑◆❋❬❑❳❲
➟
❪✕❯✫❑✦❖✕❧♥❉❬❲■❲◗❑❳❖✕❪❈❖✵❩✫s⑨❧♥❉③⑧✤➠✷●❼❖
❲■●■❧♥●■❪✸❑❳❍➂❪✸❦❵❦♠❤✫❑✹❖✕●❼❤✫✐♠❲◗❑➇❧✓❑❳❉❬❖✕❩✫❘✕❑❳❧♥❑❳❤❸❪◆⑦♠❏✙❯⑨●■❖▲❑❶➧P❪✸❘✕❑❳❧✓❑✙❚◆❉❬❖✕❑✙●■❖❈❯✫❦❁➈✺❑◆❋❬❑◆❘✎❘✕❑❳❖✸❪✸❘❱●■❚❶❪✸❑❳❍✰❪✸❦❵❪✕❯✫❑✹❖✕●◗❪✕❩❭❉③❪✕●■❦♠❤
➈❂❯✫❑◆❘✕❑▲✇
①✆☎
✇
③
❉❬❤❭❍✇❪✕❯✡❩❭❖✙❧♥❉❁▼❿❤❭❦❬❪✹❘✕❑❳❻⑩❩⑨●◗❘✕❑❵❪✕❯✫❑⑥❩❭❖✕❑❵❦❬♣✷❪✕❯❭❑❵❪✸❑❳❧✓⑧⑨❲■❉③❪✸❑⑥s✳❑❳❉❬❧✢❪✸❑❳❚❱❯❭❤❭●■❻✡❩✫❑❬⑦
❏✙❯❭❑✰❖✵●■❧✴❩⑨❲■❉③❪✕●◗❦♠❤❭❖❊❖✕❯✫❦➆➈ ❪✕❯❭❉③❪➂❉❀Ý➆➬➅❲◗❑◆❋❬❑❳❲✎❚❶❦❁❋❬❑◆❘❱❉③✐❬❑❿❯⑨❉❬❖❵❦❬♣➜❪✸❑❳❤➤❪✸❦⑩❦✌❖✵❯✫❦❬❘✕❪⑥❍❭❩❭❧♥⑧①❪✕●❼❧✓❑❳❖⑥❉❬❤❭❍➤●❼❖
❲◗❑❳❖✕❖❂❑◆➘❷❚◆●◗❑❳❤⑩❪✙❪✕❯❭❉③❪❂❉
á
➬➅❲◗❑◆❋❬❑❳❲▲❉③⑧❭⑧⑨❘✕❦♠❉❬❚✵❯❀❍❭❩✫❑❵❪✸❦✆❲■❦♠❤✫✐❬❑◆❘❂❍✫❑❳❉❬❍✫❪✕●❼❧✓❑❳❖
➟
♣④❦❬❘❂❪✕❯✫❑✴❉❬❖✕❖✕❩❭❧✓⑧⑨❪✕●◗❦♠❤❭❖➇❦♠❤✛❪✕❯❭❑
❍✫❑◆❪✕❉❬●■❲◗❑❳❍t❦❬s⑨❖✕❑◆❘✕❋✡●❼❤✫✐✴❖✕❚❱❯✫❑❳❧✓❑⑥❖✸❑◆❑❵✃➇➠❱⑦✡❏✙❯❭❑✦❘✕❑❳❚❶❦♠❤⑨❖✸❪✸❘✵❩❭❚❶❪✸❑❳❍✇●■❤⑩❪✸❑❳❤❭❖✕●■❪✕●◗❑❳❖r❉③❘✵❑✟♣④❦♠❩❭❤❭❍✆❪✸❦✰s✳❑✦➈❂●■❪✕❯❭●■❤❷❩❭⑧
❪✸❦ ★
á
✎ ❦❬♣✳❪✕❯✫❑❂❑❶➧P⑧✳❑❳❚❶❪✸❑❳❍♥❋③❉❬❲■❩✫❑❳❖◆⑦
Ð
❑✟❚❶❦♠❤❭❖✵●■❍✫❑◆❘✎❪✕❯❭●❼❖✎❍❭●■❖✕❚❶❘✵❑◆⑧⑨❉❬❤❭❚❶▼✰❪✸❦✴❉③❘✵●❼❖✸❑✙♣④❘✕❦♠❧❃❪✕❯✫❑✟❤✫❦♠❤P➬➮❦❬⑧❭❪✕●■❧❷❉❬❲
❪✸❦❬❪✕❉❬❲➇❧♥❉③⑧♦❑❶➧P❪✸❑❳❤⑩❪➃❩❭❖✕❑❳❍
➟
❖✸❑◆❑❿✃✺➠❵❘✕❑◆✐♠❉③❘✵❍❭●❼❤✫✐✛❪✕❯✫❑t❖✸❦♠❩✫❘✵❚❶❑✆s❭❘✵●◗✐♠❯⑩❪✕❤✫❑❳❖✕❖✴❍❭●■❖✸❪✸❘✵●■s⑨❩✫❪✕●◗❦♠❤✄⑦✄❏✙❯❭❑◆❘✕❑❷❖✸❑◆❑❳❧
❪✸❦❷s✳❑➂❤✫❦✆❖✕●◗✐♠❤❭●◗➩❹❚◆❉❬❤❸❪✙❉❬❍✫❋③❉❬❤⑩❪✕❉③✐❬❑➃●■❤✇❩⑨❖✕●■❤✫✐❷Ý✓❲■❑◆❋❬❑❳❲■❖✙❘✵❉③❪✕❯❭❑◆❘❂❪✕❯❭❉❬❤
á
❦♠❤✛❪✕❯❭❉③❪✦⑧✳❦♠●■❤❸❪◆⑦
Ð
❑➃❚❶❦♠❤❭❚◆❲■❩❭❍❭❑
❪✕❯❭❉③❪➂❉
á
➬➅❲◗❑◆❋❬❑❳❲✎❪✸❑❳❧✓⑧⑨❲■❉③❪✸❑✓❦❬♣✺❪✸❦❬❪✕❉❬❲✗❑❶➧P❪✸❑❳❤❸❪
á
Þ✬✇⑥⑤❽❖✕❯✫❦♠❩⑨❲■❍①s✤❑✓❚❶❦♠❤❭❖✵●■❍✫❑◆❘✕❑❳❍✬❉❬❖❵❪✕❯❭❑➃s✳❑❳❖✸❪⑥❚❶❦➆❋❬❑◆❘✵❉③✐❬❑
❖✸❪✸❘✵❉③❪✸❑◆✐❬▼♥❪✸❦➃❚❶❦♠❧✓⑧⑨❉③❘✕❑✦❪✕❯✫❑✦❖✵●◗✐♠❤❭❉❬❲■❖✗❦❬♣✳⑧✳❦♠●■❤⑩❪✁❧✓❑❳❉❬❖✕❩❭❘✕❑❳❧✓❑❳❤⑩❪✕❖✁❚❶❦♠❤❭❍❭❩⑨❚❶❪✸❑❳❍✆❉③❪✺❖✕●◗✐♠❤❭●◗➩❹❚◆❉❬❤❸❪✕❲◗▼➃❍❭●➁➀✳❑◆❘✕❑❳❤⑩❪
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c) RMS noise for fast and normal mapping
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